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EXECUTIVE SUMMARY

In support of the Air Force Coal Utilization/Conversion Program,
ORNL has reviewed data pertaining to oil- and gas-fired central heating
plants at Air Force installations in the contiguous 48 states and
Alaska. The objective of this review is to develop a list of the 15 to
20 sites best suited for coal use.

The economics of coal utilization favor large-capacity systems and
high load factors; facilities that are large fuel users are generally
better candidates tor coal use than those using less fuel. Heating
plants were screened for annual fuel use, and those consuming an average
ot 30 MBtu/h were given further consideration. This initial list iden-
tified heating plants at 24 Air Force installations that met this fuel
use criterion,

Economic analysis of possible coal utilization projects was used as
a tool to i1dentity where coal potentially is the most and least attrac-
tive. Based on this economic analysis and consideration of fuel and
electric use and prices, eight Air Force sites were eliminated from
turther consideration.

0il- and gas-tired heating plants at 16 Air Force bases are recom-
mended for further consideration for coal wutilization projects. The
information in this report will assist closer examination of heat plants
to develop a priority order of sites considered for coal utilization

projects.,




1. INTRODUCTION

Oak Ridge National Laboratory (ORNL) is supporting the Air Force
Coal Utilization/Conversion Program by providing the Air Force Engineer-
ing and Services Center (AFESC) with a defensible plan to meet the
provisions of the Defense /ppropriations Act of 1986 (PL 99-190 Section
811C). This Act directs the Air Force to implement the rehabilitation
and conversion of central heating plants (steam or hot water) to coal
firing, where a cost benefit can be realized. This directive only
applies to installations in the contiguous 48 states and Alaska.

Several essential tasks required to comply with the directive are
to (1) identify the Air Force bases that have oil- and/or gas-fired
central heating plants; (2) determine those heating plants that can be
modified to burn coal and at the same time realize a cost benefit, and
(3) categorize the selected heating plants according to their overall
potential for coal use, therefore establishing a list of plants that
will warrant further, detailed investigation. This report addresses

these tasks.

1.1 RELATED WORK

A complementary study was previously completed by ORI, Inc. and
C. H. Guernsey & Co,! that examined central heating plants at 34
selected Air Force bares. Leading candidate heating plants were identi-
fied for a few specific coal-conversion scenarios that fit two cate-
gories: (1) complete conversion of the existing heat systems to coal-
firing by boiler conversion or replacement, or (2) building coal-fired
cogeneration systems sized to meet peak electric loads. Only stoker
coal-firing technology was considered in the report.

A separate but related study by OaNL examined the full range of
available coal-burning technoligies applicable to conversion of Air
Force central heating plants.? The capital and operating costs for
these technologies were estimated generically for typical heating plant
installations. Understanding the costs, applicability, and performance

of the coal-burning technologies is necessary for evaluating the heating




plants considered in this study. The cost equations used in this study

are presented and described in Ref. 2.

1.2 PURPOSE

The primary objectives of this study were to (1) examine and ana-
lyze the significant Air Force heating plants, (2) rank or categorize
the selected central heating plants according to their estimated poten-
tial for coal utilization, and (3) identify the best 15 to 20 candidates
for conversion to coal. The ORI, Inc. and C. H. Guernsey & Co. report
had a similar objective, although the approach and emphasis were dif-
ferent. The results of ihe analysis and other information pertaining to
the selected heating plants presented in this report, along with the
results of the study by ORI, Inc./C. H. Guernsey & Co., will form a
basis for choosing the '"top candidate" heating plants for a subsequent

study.

1.3 METHOD

Air Force facilities within the United States contain a large
number of steam and hot water plants. Because there are numerous plants
to be considered, simple methods of reducing the list of potential coal-
using plants were employed at the onset of the study. As a start, oil-
and gas—fired heating plants thought to be of significant size (>10
MBtu/h output) were identified. Size, in this context, is measured by
system outpur :apacii.,; and/or annual fuel usage. Approximately 40 Air
Force base- e identified as having one or more central heating
facility wita siegnificant steam or hot water capacity, thus making them
candidates for ... her consideration for coal conversion.

Coal iring 1is historically uneconomical for the smaller-sized
industrial and commercial heating systems. It is more attractive for
larger systems, especially those with high load factors. The economic
benefit of coal over oil and gas depends on significant savings in fuel
costs; therefore, fuel consumption is a very important economic parame-

ter to be studied. A threshold value for annual fuel use was identified




as a cut-off point for eliminating heating plants from the study.
Heating systems using less fuel than this cut-off value were eliminated
from consideration. For such sites, any potential fuel cost savings
would not be large enough to justify the operating and maintenance (O&M)
costs or the capital investment for coal equipment. These initial
screening criteria were aimed at reducing the list of heating plants to
realistic candidates.

The heating plants chosen by the initial screening were examined
more closely, and a simple economic analysis of coal utilization was
performed for each base. After considering the results of the economic
analysis, heating plants were then ranked. Several sites were elimi-
nated from consideration based on this economic analysis and a number of
other factors, such as the potential for cogeneration.

Available information on Air Force central heating plants was col-
lected and organized in order to examine conversion to coal firing.
Emphasis was placed on determining the heat loads, existing boiler
design and condition, and fuel costs for each heating plant considered.
In a parallel effort, a data base concerning many major Air Force in-
stallation heating plants was developed that used the information col-
lected for this effort. This data base has been used as an information

source for certain portions of this study.

1.4 LIMITATIONS

The lack of information presents some limitations to this study.
Missing intormation includes the price and properties of coal available
to each Air Force base and the local air quality constraints. Further-
more, some site-specific information may not have been thoroughly con-
sidered, such as aesthetics, lack of space at the boiler plant, and the
precise design and condition of the existing equipment. A subsequent
effort will fill in this missing information and provide a more detailed
evaluation of selected heating plants.

Another consideration is the future fluctuation of fuel prices,
which will affect the economics of coal projects. Future re-evaluation

of certain heating plants will be necessary as tuel prices change.




Despite the lack of some information, this report serves as an
effective screening study to identify Air Force central heating plants
that have the most potential for coal use. Information presented will

serve as a basis for future detailed studies of individual heating

systems.




2. INITIAL SCREENING OF HEATING PLANTS

For the first step in the screening study, information that would
aid in assessing the potential for coal utilization/conversion was
gathered for each Air Force heating plant. Using this information, a
list of o0i1l- and gas-fired Air Force heating plants of significant size
was developed. From this list, those systems having the most potential

for conversion to ccal could be selected.

2.1 SOURCES OF INFORMATION

2.1.1 ORI, Inc. and C. H. Guernsey & Co. Report

A 1988 report by ORI, Inc. and C. H. Guernsey & Co.! provided much
useful information needed to evaluate the coal utilization options at 34
Air Force base heating plants. In this report 34 Air Force bases were
examined by using questionnaires, phone contacts, and personal visits to
collect information needed to evaluate coal utilization options at heat-
ing plants (including cogeneration of steam and electricity). Other
sources of information, such as previous Air Force assessments, were
also used to supplement the efforts to obtain information. This study
was particularly helpful because of the current oil, gas, and elec-

tricity prices obtained, along with other up-to-date information.

2.1.2 Defense Energy Information System Data

Monthly fuel and electric use and their costs at Air Force instal-
lations are collected and logged into what is known as the Defense
Energy Information System (DEIS). The data apply to an installation as
a whole and are separated into two categories: military family housing
and industrial energy use. The data are also separated by type of
fuel. Information concerning fuel use specific to a given heating plant
1s not included; therefore, the fuel consumption data have limited use
for this study. However, at some sites it is known that certain fuels,
such as coal or residual oil, are only burned in boilers. In some

cases, the fuel-use data can directly indicate boiler plant load. This




normally does not apply to gas and light oil consumption, which is very
often used for a variety of applications other than boiler firing. The
monthly electric usage and costs for each installation are also useful

for evaluating cogeneration projects.

2.1.3 Air Force Heat Plant Studies

Recent Air Force internal reports3—5 contain information on steam
and high-temperature hot water (HTHW) loads; fuel use; and electrical
demand for many of the Air Force Logistics Command (AFLC), Military
Airlift Command (MAC), and Strategic Air Command (SAC) heating plants.
These studies included most of the Air Force sites that are the largest
consumers of oil and gas, and each study examined energy consumption in
one or more years during 1984 through 1986. These studies were done at

the request of AFESC,

2.1.4 Hartford Data Base

The Hartford Boiler Insurance Co. developed a data base that
identified the location, size, fuel type, pressure rating, and other
useful information pertaining to Air Force boilers. The Construction
Engineering Research Laboratory (CERL) of the Army Corps of Engineers
maintains this data base for the Air Force. These data were particu-
larly useful in verifying changes in the status of certain boilers, such

as scrapping, replacing, mothballing, or adding new units.

2.1.5 MFBI Survey

A significant amount of information concerning important Air Force
heat plants was gathered from a 1980 inventory of Air Force heating
system boilers having an output capacity >10 MBtu/h. This survey was
part of the Federal Facilities Power Plant and Major Fuel Burning In-
stallation Survey (MFBI Survey) requested by the U.S. Department of
Energy (DOE) under the authority of the Power Plant and Industrial Fuel
Use Act of 1978. A great deal of information included in the MFBI
Survey was potentially useful in analyzing the central heating plants.

However, the survey only covered the time period from 1978 to 1979, thus

]




making the information somewhat outdated. It was, therefore, used care-

fully, and mainly as background information.

2.2 INITIAL LIST OF HEATING PLANTS

The first step toward screening the heating plants was to develop a
list of plants that had the potential to be converted to coal. This
list included all non-coal-burning Air Force heating plants known to
have boilers with a fuel input rating >10 MBtu/h. Because small coal-
fired systems are inherently uneconomical, heating plants known to have
no boilers >10 MBtu/h were eliminated from consideration, unless the
plant aggregate boiler capacity was 230 MBtu/h. In addition, a data
base on many of these Air Force central heating plants was developed in
support of the analysis efforts.

Information used to compile both the list of heating plants and the
data base came from the sources identified in Sect. 2.1. Note that
definitive information was not obtained for every Air Force installation
within the contiguous 48 states and Alaska, but it is believed that no
important heating plants were overlooked.

The initial list consisted of over 70 steam or hot water systems.
It was apparent that this list needed to be narrowed to a more manage-
able number. The initial heating plants considered are listed in Tables

1 and 2.

2.3 ELIMINATION OF SMALL FUEL-CONSUMING PLANTS

The costs of oil-, gas~, and coal-fired boiler/hot water systems
were reviewed in a separate task.? These costs, combined with informa-
tion on various heating plants, allowed for some preliminary economic
analysis to be performed on typical Air Force central heating plants.
It was determined that if the heating plant had a fuel usage that aver-
aged <30 MBtu/h, coal would not be economical based on any reasonable
scenario.

The next logical step was to eliminate all heating plants from con-

sideration that did not meet these criteria. The actual criterion used
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Tahle 2,

Heating plants not meeting fuel use criteria

Type

1978 1979 1985
. . Number of Plant ORI
Base cowe  Building of | fuel capacity E‘;i‘ L TMa i‘_‘i‘ L1M@ E:g' survey
‘e I 2
BLRS ;;Z——EEZ {MBtu’h) (BBtu) (BBty) (8Btu) (BBtu)
USAF Academy AFA 8026 ? G 5 60 38
il AFLC 1286 3 G 2 113 199
A 1T AFLC 1310 4 G 2 48
Hill AFLE 519 5 G 2 a2
Hill AFLC 1624 2 5 2 25 3 5 2
HiT} AFLC 1904 1 3 2 21 35 21 a0
HiTl AFLC 1205 G 2 17
Hill AFLC 1703 G 2 13
Hill AFLC 2025 3 G 2 13
Hill AFLC 2104 G 2 12
Hill AFLC 2203 G 2 12
McClellan AFLC 656 3 G 5 56 124 G 123 5 192
McClellan AFLC 486 2 G 5 27 63 G 88 G 51
Robins AFLC 644 M G 2 23 214 214 174 134
Robins AFLC 54 1 2 N 2] 0 3 3
Tinker AFLC 5802 2 G 2 28 55 73
dopbins AFRES 728 4 It 5 35 0 0
Willow Grove AFRES 212 2 b i 34 43 37
Arnold AFSC £35 8 1 G 2 57 54 40
Brooks AFSC 165 4 G ? 132 103
Patrick AFSC 55055 3 5 N 45 143 116
Chanute ATC 988 2 5 h 37 37 37 30
Keesler ATC 4101 3 G 2 51 7300
Willians ATC 237 2 G 2 29 0 P 24 p
Andrews MAC 3409 5 6 2 77 195 134 135
Bolling MAC 18 3 2 N 75 130 71 177
Fairchild MAC 9035 2 G 6 31 40 a1
Kirtland MAC 1013 4 G ? 64 165 161
Norton MAC 716 4 G 2 121 200 229 157
Norton MAC 754 A G N 101 128 95 74
Scott HAC 869 2 6 2 30 23 33 22
Scott HAC 3191 2 6 2 22 a 10 8
Scott MAC 3670 2 6 2 14 13 15 16
Ellswortn SAC 1107 3 %} 2 20 10 16
Ellsworth SAC 1211 3 G 2 20 14 25
Ellsworth SAC 5902 4 G 2 57 20 31
£El1sworth SAC 7504 3? G 2 39 61 63
Minot SAC Hospital 4 G 2 34 22 21
Offutt SAC 304 2 G 2 24 30 42
Of futt SAC 308 3 G 2 ? ? ?
affutt SAC 500 3 G 2 ? 180 130
Of futt SAC 4000 2 G 2 ? 32 33
Lanqley TAC 655 3 f 1 104 233 214 136
Langley TAC 753 2 o 4 72 69 g 103
Langley TAC 80 3 G 4 53 18 25 74
Pope TAC 251 2 5 2 3 4
Pope TAC 289 2 G 2 7 13
Pope TAC 350 3 G 2 10 21
Seymour Johnson TAC 4503 3 5 8 30 50 60 59
Seymour Johnson TAC 2700 3 5 1] 79 171 175 236
Seynour Johnson TAC 5000 3 5 N 22 67
2coM - Ajr Force Major Cormand

BLRS — boilers

PR — current primary fuel

St — current secondary fuel

LM — Tinitation on fuel use data, 5 — only gas use, P — only propane use

? -~ data are missing or suspect

bFue1s: A — No, 5 oil (residual 2i1); & — Ho. 5 0i) fresidual 2il1); 4 — No. 4 oil (distillatn ~ilh:.

2 — MNo. 2 oil {distillate oil); N — no secondary fuel, G — natural qas; P — propane,
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to eliminate small heating plants was fuel consumption of <260 BBtu/
year, which is equivalent to a year-round average of 30 MBtu/h. Table 1
lists the heating plants that meet the size criteria along with informa-
tion pertinent to choosing these plants. Any heating plant that was
reported to have fuel use in excess of 260 BBtu/year for some year was
included in Table 1, even if the fuel use is reported as lower in other
years {e.g., Lowry Air Force Base (AFB) and Charleston AFB]. Note that
Andrews AFB has two central heat plants feeding a common distribution
system, and these two plants are treated as a single heat plant.
Twenty-six heating plants at 24 Air Force sites are identified in
Table 1 and will be examined further in this report. The heating plants
that were too small for consideration and those that are already coal-

fired are listed in Tables 2 and 3, respectively.

Table 3. Heating plants burning coal

Type
P Number of Plant 1978 1979 1985
Base com? Bu;ld‘ng of tuel? capacity E::l E::l F::‘
. a u
BLRS pRE SED (MBru/h)  (ggru)  (BBtw)  (BBtu)
Eielson AAC 6203 6 o N 720 2228 2052 1613
wright Patterson AFLC 66° 7 C N 506 1062 942 c
Wwright Patterson AFLC 170¢ 2 C N 240 809 686 c
Wright Patterson AFLC 770 5 C N 160 323 337
Wright Patterson AFLC 1240 5 C N 130 399 305
Wright Patterson AFLC 271€ 3 o N 108 205 250 c
Wwright Patterson AFLC Total for plants 770 and 1240 2340
Chanute ATC 46 5 [os N 280 1152 1063 740
Fairchild SAC 2175 4 G 2 470 578 607 N/A
Fairchild SAC 2175 4 c G 470 N/A? N/A
Critfiss SAC 117¢ 4 6 N 418 912 874 c
Criffiss SAC 29 4 [ 360 N/A N/A 672
F E Warren SAC 6500 3 (o} N 165 216
Crissom SAC 223 5 C 6 197 565 489 504
K 1 Sawyer SAC 521 5 ¥ 6 152 553 564 305
Loring SAC 7310 6 C 2 378 854 850 600
Malmstrom SAC 140¢ 3 c 2 40 87 85 c
Malmstrom SAC 821 3 c 255 N/A N/A 288
Clear SPCMD 111 3 C 338 1500 1600 1320
MT Home TAC 132 4 o 322
4COM - Air Force Major Command
BLRS — boilers
PR — current primary tuel
SE - current secondary fuel

N/A — not applicablc

beyels: 6 ~ No. 6 o0il (residual o0il); 2 ~ No. 2 oil (distillate oil); C — coal;
G - natural gas; N — no secondary fuel.

“Heating plant no longer in service.

]
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3. LIFE-CYCLE COST ANALYSIS OF SELECTED HEATING PLANTS

Further examination of the 26 heating plants identified in Sect. 2
was necessary Lo gain a better understanding of the potential for coal
utilization at each site. To accomplish this, some type of relatively
simple economic analysis was needed to compare coal use with continued
oil/gas firing. Some difficulties in this task were encountered because
of missing information, fluctuating fuel prices, and the large number of
possible project scenarios that could be considered for any heating

plant, These issues are addressed in this section.

3.1 CHOICES FOR PROJECT SCENARIOS

Numerous coal utilization projects can be considered for a given
site. Three basic project categories can be explored: (1) installing
coal firing to meet base~load heating requirements and using other fuels
to meet peak loads, (2) converting a plant to 100% coal-firing capa-
bility, and (3) cogenerating heat and electricity. A discussion of
these three categories follows.

In the ORI, Inc./C. H. Guernsey & Co. study,! all the projects
considered for evaluation included 100% coal-firing capability for the
heat plant (with oil/gas as a secondary fuel). In some cases this may
be the option required by the Air Force, but it is not often the most
economical option. Many industrial and military steam/HTHW plants use
coal-fired boilers for base-load operation (a level of heating load
often required) and use oil and gas boilers for load following and peak
demand. This type of arrangement is used mainly to minimize the overall

cost of steam/HTHW.

3.1.1 Coal Firing to Meet Heating Base Load

Coal firing can be used to meet some level of base load for steam
or HTHW demand. This is achieved by a combination of coal-fired boilers
and oil-/gas~fired boilers. Relatively constant heating loads can be met
by coal-fired equipment, but meeting high heatiug demands and following

load changes can be done with gas/oil units. The amount of capital-




intensive, coal-fired equipment is minimized, and the coal systems have
a high use factor. Much of the fuel burned at the facility will be coal,
but there is still dependence on gas/oil during high steam/HTHW demand
periods.

The amount of coal-fired steam/HTHW capacity and oil-/gas-fired
capacity 1s wusually determined by economics. This type of central

heating plant is common in industry and is used at some military sites.

3.1.2 Coal Firing for All Heat Generation

An entire central heating plant can be converted to coal firing
with oil or gas as a backup fuel. The major advantage is that there 1is
no significant dependence on o0il or gas availability. All the projects
evaluated in the ORI, Inc./C. H. Guernsey & Co. study included 100%
coal-firing capability for the heating plant (with oil/gas as a second-
ary fuel). This may be preferable for various reasons, but it would not
be the most economical option. Coal-fired boilers are capital intensive
and cost more to maintain than oil/gas units. 1In general, the average
load factors for the coal-firing equipment would be low, and such con-
version projects would be costly. No economical projects of this type

were identified in the ORI, Inc./C. H. Guernsey & Co. report.

3.1.3 Cogeneration of Electricity and Steam

Examination of coal-fired cogeneration options 1is more complicated
than simply converting steaming capacity to coal. The choices when siz-
ing a cogeneration facility include whether to meet the peak steam
and/or peak electric demand, or to meet some base load of steam and
electricity. If excess electricity is to be generated and sold, a num-
ber of regulatory and pricing considerations must be examined.

Many AFBs do not have room for a large cogeneration facility. Most
of the existing heating plants are designed for low-pressure steam or
HTHW. To convert to cogeneration would require replacing such boilers
with high-pressure systems. Cogeneration projects will only be eco-
nomically viable at Air Force facilities that use significant amounts of

relatively costly electricity.
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3.1.4 Choosing a Scenario

It i1s not worthwhile to pertform an economic analysis of the heat
plants listed in Table 1 for all three project scenarios identified in
the preceding subsections. Instead, one type of scenario was chosen for
the economic analysis; the results will then be examined and a decision
made as to how to proceeded with the study. The major goal was to
reduce the number of heating plants under consideration from 26 to 15 to
20.

The cogeneralion project scenario is the most difficult to analyze
because of the added complexity of electrical generation equipment costs
and simulating electricity purchase and sales prices. It 1s unlikely
that an analysis of complete conversion of the heat systems to coal
firing will reveal any projects that show a cost savings. Complete con-
version of heat plants to coal firing and a single type of cogeneration
project (meeting peak electric load) have been already considered to an
extent in the OR1, Inc./C. H. Guernsey & Co. study.! The remaining type
of project to be considered is conversion of a portion of the existing
heat capacity to coal firing. This latter type of coal utilization
scenario appears to be the most meaningful scenario to pursue for this

study.

3.2 COMPUTER PROGRAM FOR HEATING PLANT COST ESTIMATING

In a previous study by ORNL for the Air Force,- coal combustion
technoiogies found to be applicable to Air Force central heating plants
were reviewed and evaluated. As a part of that previous work, operating
and maintenance (0&M) and capital cost equations were developed for the
many coal technology options that could be employed at a heating plant.
O&M cost equations for firing gas or oil at a central heating plant were
also developed for comparison. A computer model, based on these cost
equations, was developed to estimate heating plant costs for each of
13 different coal technclogy optionc and for gas and oil firing. The
costs generated for the coal technology options can be compared with

each other and with the costs of continued firing of gas or oil. A much
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more detailed discussion of the development of the heating plant cost .
estimating equations can be found in a report? prepared for AFESC en-
titled "Coal Burning Technologies Applicable to Air Force Central Heat- -
ing Plants."”

The 13 coal technologies included in the cost estimating model are

divided into the following two categories:

Refit Techuoiogies Replacement Boilers
Micronized coal tiring Packaged shell stoker
Slagging pulverized coal burner Packaged shell FBC
Modular FBC* add-on unit Field erected stoker
Return to stoker firing Field erected FBC
Coal/water slurry Pulverized coal boiler
Coal/oil slurry Circulating FBC

Low-Btu gasifier

The retit technologies incorporate the existing boiler(s) and much
ot the peripheral equipment. Often, various moditications to the boiler
may be required. In a micronized coal system, the coal 1s pulverized to
a size that 1s much smaller than ordinary pulverized ccal and ts burned
directly in the existing boiler. In a slagging system, pulverized coal
is burned in a small, high-temperature cyclone burner that 1is connected
to the existing boiler. In a modular FBC system, part of the steam is
generated in an add-on, bubbling FBC unit, and the existing boiler is
used as a waste heat recovery unit. The return to the stoker firing
option can only be considered if the existing boiler were originally
designed tor stoker coal combustion. In slurry systems, the coal/water
and coal/oil mixtures are burned directly in the existing boiler. In a
gasifier system, stoker coal 1s gasified with air in an add-on unit and
the hot, low-Bru gas is burned 1n the existing boiler,

The replacement boiler options involve reusing the existing water
treatment system, steam or hot water distribution system, and other
equipment peripheral to the boiler. The existing boilers are removed,

decommissioned, or put on standby. Both packaged and field-erected

*FBC = fluidized bed combustion.

]
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units have been examined for the stoker and bubbling FBC systems. The
packaged units are factory-built, shell (fire-tube) boilers that are
small enough to be shipped by rail. The field-erected units are larger,
water-tube boilers. The pulverized coal-fired and circulating FBC
boilers considered are field-erected, water-tube boilers.

Pollution control technology costs were considered Lo a limited
extent. All 13 coal technologies are assumed to require baghouses to
meet the particulate emission regulations. Particulate control beyond
cyclone-type devices 1is required virtually everywhere in the United
States, and baghouses are judged to be the most cost effective and have
the most appropriate technology. NO, emissions are assumed to be
controlled with conventional combustion control systems for all coal
technologies. Control of SO, was assumed to be accomplished by choosing
the appropriate coal.

The computer model consists of two corresponding spreadsheets for
each of the 13 coal technologies, one for estimating the capital invest-
ment and another for estimating O&M costs. Each spreadsheet calculates
an itemized cost table, such as the examples shown in Tables 4 and 5.
The purpose of using this itemized-cost table format is to generate very
consistent and comparable cost estimates for each technology consid-
ered. Any calculated project costs can easily be examined in detail.
The personal computer software package used to develop the costing pro-

gram is Framework II™, by Ashton-Tate.
3.3 METHOD OF ECONOMIC ANALYSIS

The goal of applying an economic analysis to the selected heating
plants is to establish an initial ranking indicative of the potential
for economic coal utilization., This ranking can then be used along with
other information to reduce the list of heating plants in Table 1 from
26 to 15 to 20. The project scenario chosen for the analysis was the
conversion of base-load capacity of each heating plant to coal firing.
Other types of project scenarios can be explored later, if necessary.
Note that the economic analysis is an exercise for screening heat
plants, and other information and considerations must be taken into

account before eliminating any heat plants from consideration.
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Table 4. [Example computer-generated
capital investment cost spreadsheet
for micronized coal firing

Technology: MICRONIZED Size (MBtu/h)
COAL BURNER - REFIT TO Output heat = 72.0
EXISTING BOILER No. of units = 1
20-200 MBTU/H Qutput/unit = 72.0
Multiple unit multiplier = 1
SCALING CosT
ITEM FACTOR (k$)
Site work & foundations .50 24
Boiler modifications .50 12
Soot blowers .60 0
Micronized combustor system .52 176
Boiler house modification .50 24
Fuel handling & storage .40 781
No bottom ash system 0
Ash handling .40 298
Electrical .80 100
Baghouse .80 520
Subtota) 1935
Indirects (30%) 581
Contingency (20%) 503
Total for each urit 3019
Grand total 3019

Table 5. Example computer-generated O&M cost

spreadsheet for micronized coal firing

Technology: MICRONIZED COAL BURNER REFIT TO EXISTING BOILER

SIZE 10-200 MBTU/H

Total heat output (MBtu/h)= 72.0 COAL, LIMESTONE, ASH
Number of units converted = 1 Ash fraction = .10
Unit output (MBtu/h) = 72.0 S fraction = .015
fuel to steam/HTHW eff. = .80 HHV (Btu/1b) = 12000
Capacity factor = .72 Ton coal/year = 23652
Ash disposal price ($/ton)= 10.00 Ca/S ratio = .00
Electric price (cents/kWh)= 4.50 Inert fraction = .05
Labor rate (k$/year) = 35.00 Ton sorbent/year = .0
Limestone price ($/ton) = 20.00 Waste/sorbent = .858
Ton ash/year = 2365
SCALING
CATEGORY FACTOR CC3T (k)
Direct manpower (f) .18 557.9
Repair labor & materials (f) .36 374.3
Electricity (f) 1.00 36.2
Electricity inc. baghse (v) 1.00 74.1
Baghouse (f) .36 29.8
Limestone (v) 1.00 .0
Ash disposal (v) 1.00 23.7
Nonfuel 0&M total 1C95.9
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3.3.1 Project Assumptions

The type of conversion project being considered involves using coal
for base~load heat production as opposed to converting the entire heat-
ing plant to coal firing. In practical terms, this involves converting
or replacing one to three existing boilers at the heating plants being
examined. The decision of how much boiler capacity to replace or refit
will affect the economic results. Care was taken to find the project
size to give the best economic results.

In actual practice, replacement boilers do not need to have the
same output capacity as the boilers they replace. When an existing
boiler is refitted for coal firing, tle output capacity may be altered
(usually lowered) for technical reasons. For the purposes of this
study, boiler capacities were usually assumed to be the same as those of
an existing boiler. Project-size optimization tests were carried out
(but not presented in this report) to ensure the results presented in
this report approximate the optimum project size.

The Air Force sites under consideration fall under a broad spectrum
of air quality regulations. These regulations are not fully reflected
in this report but will play an important role in future analyses. For
this study it was assumed that baghouses were required for particulate
control 1in every case. Emission requirements for SO0, and NO, are
assumed to be met by using low-sulfur coal and good combustion control.

This assumption will be optimistic (toward coal use) in some cases.

3.3.2 Economic Assumptions

The economic and cost parameters used in this study are listed in
Table 6. The economic ground rules represent an Air Force plant built
under the Military Construction Program. Other major economic parame-
ters include a 30-year economic life and a 10% discount rate. No fuel
cost escalations are considered, and general inflation is assumed to be
negligible.

Because the prices of locally obtainable coal are not known for the
sites considered, somewhat optimistic (low) coal prices were assumed. A

single coal price for stoker coal and a single price for run-of-mine
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Table 6. Economic and cost parameters for
lite-cycle cost calculations

Economic assumptions:

Project is under the Military Construction Program

Discount rate is 10%

Economic life is 30 years

Uniform present worth factor applied to fuel and O&M costs is 9.427
No salvage value

No property tax or insurance

No real escalation of fuel and O&M costs

Inflation effects are negligible

All capital is invested at the project start

Major cost assumptions:

Cost of stoker coal $1.75/MBtu

Cost of run-of-mine coal $1.50/MBtu

Cost of coal/water slurry $3.00/MBtu

Cost of coal/oil slurry $3.50/MBtu

Cost of No. 6 residual oil $3.67/MBtu ($0.55/gal)
Cost of No. 2 distillate oil $4.71/MBtu ($0.65/gal)
Labor rate $35,000/man-year

coal was used for all heating plants examined. Costs for coal slurries
were estimated from literature studies® and contact with suppliers. The
slurry costs do not represent actual current prices, but rather are the
expected prices if large quantities of slurry were produced within a few
hundred miles of the heat plant.

Costs for distillate and residual oil were assumed to be $0.65/gal
and $0.55/gal, respectively. These were the Department of Defense (DOD)
Stock Fund prices during FY 1988. Current natural gas prices being paid
by the Air Force installations were obtained when applicable.

A constant labor rate of $35,000/man-year for boiler operators and
maintenance personnel was assumed. This cost includes all benefits,
overhead, and supervision.

Although several of the economic parameters and cost assumptions
may be somewhat inaccurate in some cases, it should be remembered that
the purpose of the analysis is to screen the heating plants for those

that are potentially attractive for coal use. Other factors will be
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considered beyond the result of the economic screening analysis before a

heat plant is dropped from consideration.

3.3.3 Calculating Life-Cycle Cost and Benefit/Cost Ratio

The life-cycle cost (LCC) of a project is calculated by the equa-

tion
LCC = CAP + {(Fuel + 0O&M) x UPWF] ,
where

CAP = capital investment,

FUEL = annual fuel cost,
O&M = annual operating and maintenance cost,
UPWF = uniform present worth factor.

The assumption is made that the series of annual fuel and annual O&M
costs will remain uniform (in constant dollars) over the life of the
project. For a 30-year life and 10%Z discount rate, the uniform present

worth factor is 9.427.7,8

To examine the value of coal utilization at a given site, the LCC
of the proposed project must be compared with the LCC for continued use
of a corresponding portion of the existing system. For example, if one
boiler is to be converted to coal firing, the LCC of that project is
compared with the LCC for continuing to use that same boiler firing the
present fuel (oil or gas). The LCC values are not for the entire heat-
ing plant but only for that portion of the plant under consideration.
The LCC for the remainder of the plant is assumed unchanged.

A number of values could be used to measure the economic advantage
(or disadvantage) of the coal utilization project, including percent
savings—-to~investment ratio, total LCC savings, or an LCC ratio. For
this report, the ratio of the LCC for continued oil/gas firing to the
LCC of the coal utilization project was chosen. This ratio is referred
to here as the benefit/cost ratio. A value >1 indicated a cost benefit
from the coal project and <] indicated money is lost by coal utiliza-

tion.
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The benefit/cost ratio is judged to be a good indicator of the
probability that a cost savings can be realized for a given project and
therefore was chosen as a means to rank the results. Future decisions
concerning the size and type of project to be implemented at a given
site would also be based on total estimated LCC savings and possibly

other parameters.

3.3.4 Example Case: Plattsburgh AFB

Plattsburgh AFB is used to 1illustrate the economic assessment
method used to screen the Air Force sites. The central heating plant at
Plattsburgh has six boilers, each designed to burn residual (No. 6) fuel
oil and produce 50 MBtu/h of pressurized hot water. The peak demand 1is
about 195 MBtu/h and the year-round average load is ~95 MBtu/h.

A choice of size for the coal-fired system must be made. If the
original boilers are going to be utilized without lowering their indi-
vidual heating capacities, the choice is between 50, 100, 150 MBtu/h,
etc., up to 300 MBtu/h if all six boilers are used. Replacement of
boiler capacity could be done with boilers of capacities other than
50 MBtu/h, but this is a very common size and is roughly the maximum
size for coal-fired packaged boilers. It was found that the best
economic results measured by the benefit/cost ratio were obtained for
the 50-MBtu/h case, although conversion of 100 MBtu/h (two boilers) of
capacity gave similar results for the benefit/cost ratio and greater
total LCC savings.

The results for analysis of the 50-MBtu/h case for Plattsburgh AFB
are shown in a summary spreadsheet (the computer program output) in
Table 7. The first half of the table shows the input data for that par-
ticular AFB, while the lower half compares the LCC costs of the various
coal technology options and gas/oil burning. The column labeled as
"Benefit/cost ratio" shows the ratio of the LCC for continued operation
of a 50-MBtu’/h boiler firing residual oil to the LCC of 12 different 50-
MBtu/h coal utilization projects.

According to Table 7, the most cost-effective coal project at

Plattsburgh AFB would employ micronized coal technology. Other coal
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Tabie 7. Itiustration of project assessment: Plattsburgh AFB

PLATTSBURGH AFB: 1 X 50 MBtu/h, WiTHOUT 502 CONTROL

Total steam/hot water output = 50,0 MBtu/h
Boiter capacity factor = 0.790
Number ot units tor refit = 1
Hydrated lime price($/ton) = 40,00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M., Stoker
Electric price (cents/kwh) = 6.30 Ash fractica = 0,100 0.090
Labor rate (k$/year) = 35,00 Sulfur fraction = 0.025 0.022
Limestane price ($/ton) = 20.00 HHV (Btu/Iib) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu} = 0.00 R.0.M, coal ($/MBtu) = 1,50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 Oil price ($/MBtu) = 3,67 Coal /H,O mix ($/MBtu) = 3.00
OPTIONS Coai/oil mix ($/MBtu) = 3.50
Soot bilower multiplier = 0.0
Tube bank mod multiplier = 1.0 Primary tuel is 1
Bottom ash pit multipiier = 1,0 #6 FUEL OIL
SO, control multiplier = 0.0 1=#6 Oil, 2=42 0il, 3=NG
LIMESTONE /L iME
Inert traction = 0.05
ECONOMIC PARAMETERS
Project lite (year) = 30
Discount rate (%/year) = 10
Uniform pres worth tactor = 9,427
Fuet to Capital Life
# steam/ Fuel invest- Annual costs cycte Benet it Coal
ot hot water price ment [o.1] Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k3 k3 ratio ton/year
Natural gas boiler - 0.800 0.00 0.0 0.0 0.0 0.0
#2 0il fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) tired boiler - 0.800 3.67 0.0 632.5 1587.4 20926.6 <-- Primary tuel
Micronized coal refit [ 0.800 1.50 2482.6 1008.7 648.8 18107.3 1.156 18,022
Slagging burner refit 1 0.800 1.50 4298.4 1008.7 648.8 19923.1 1.050 18,022
Modutar FBC refit 1 0,790 1.50 4941.7 967.4 657.0 20254.3 1,033 18,250
Stoker tiring refit Not applicable because existing boiler was designed for #6 oil
Coal/water siurry 1 0.750 3.00 2514.0 885.8 1384.1  23911,7 0.875 19,223
Coal/oii slurry 1 0.780 3.50 2068.5 788.7 1552.7 24140.6 0.867 8,318
Low Btu gasitier refit 1 0.679 1,75 4034.2 1097.6  892.3  227192.6 0.918 20,396
Packaged shell stoker 1 0.760 1.75 3434.5 952.9 796.8 19928.7 1.050 18,212
Packaged shel! FBC 1 0.760 1.50 4376.8 968.1 682.9 19940.7 1.049 18,970
field erected stoker 1 0.800 1.75 6247.5 940.4 756.9 22248.3 0.941 17,301
Field erected FBC ' 0.800 1.50 6858.9 1021,5 648.8  22604.7 0.926 18,022
Pulverized coal boiler 1 0.820 1.50 7271.5 1050.9 633.0 23144.9 0.904 17,582
Circulating FBC 1 0.810 1.50 8147.7 1029.8 640.8 23896.0 0.876 17,799

technologies that are seen as more cost effective than oil firing (under
the given set of assumptions) include slagging burner refit, modular FBC
refit, a packaged shell stoker boiler, and a packaged shell FBC boiler.
The refit to stoker firing option only applies to boilers that were
built as stokers and does not apply in this case because the existing
boilers are designed for residual oil. It should be noted that certain

factors such as risk and pollution control have not been dealt with.
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3.4 LIFE-CYCLE COST ANALYSIS RESULTS

Coal-firing projects were evaluated for each of the 26 central
heating plants listed in Table 1 in the same manner as the Plattsburgh
AFB example explained in the previous section. The results are sum-
marized in Table 8. Details concerning the Air Force installations and

results for individual project scenarios are given in the Appendix. The

Table 8. Summary of benefit/cost ratios derived from
the life-cycle cost analysis results

Benefit/cost ratio

a Building Next best
Base co No. Micronized Next best technology
coal option
Elmendorf AAC  22-004 0.951 0.872 Slagging combustor
USAF Academy AFA 2560 1.063 0.949 Slagging combustor
Hill AFLC 260 0.909 0.829 Packaged stoker
Hill AFLC 825 0.806 0.749 Packaged stoker
Kelly AFLC 376 1.203 1.100 Packaged stoker
McClellan AFLC 367 1.039 0.943 Packaged stoker
Robins AFLC 177 1.262 1.134 Slagging combustor
Tinker AFLC 3001 1.117 1.021 Slagging combustor
Tinker AFLC 208 0.934 0.857 Packaged stoker/
packaged FBC
Arnold AFSC 1411 1.219 1.095 Slagging combustor
Hanscom AFSC 1201 1.187 1.081 Slagging combustor
Keesler ATC 409 0.900 0.842 Packaged stoker
Lowry ATC 361 0.896 0.844 Stoker refit
Maxwell AU 1410 0.941 0.868 Packaged stoker/
packaged FBC
Andrews MAC  1515/1732 1.089 1,015 Stoker refit
Charleston MAC 431 0.878 0.831 Stoker refit
Dover MAC 617 1.043 0.980 Stoker refit
McChord MAC 734 0.885 0.823 Stoker refit
McGuire MAC 2101 1.105 1.041 Stoker refit
Scott MAC 45 1.056 0.989 Stoker refit
Grand Forks SAC 423 1.080 1.007 Stoker refit
Minot SAC 413 1.141 1.063 Stoker refit
Pease SAC 124 1.139 1.022 Slagging combustor
Plattsburgh  SAC 2658 1.156 1.050 Slag combustor/
packaged stoker
Whiteman SAC 140 0.866 0.793 Packaged stoker
Wurtsmith SAC 305 0.986 0.929 Stoker refit

dpir Force Major Command.
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results will be examined and interpreted with the goal of eliminating

several more heating plants from consideration.

3.4.1 Examination of the Results

The results given in Table 8 are in terms of the benefit/cost ratio
explained in Sect. 4.3.3, Two sets of benefit/cost values are given for
each heating plant examined. One set of values represents the applica-
tion of micronized coal firing as a refit technology and the other is
the technology giving the next highest benefit/cost ratio (labeled "Next
best option" in Table 8). The results identified micronized coal firing
as the coal technology with the highest benefit/cost ratio for all
sites.

Potential cost savings from micronized coal firing. The results

consistently point to micronized coal firing as the most economical sys-
tem. Micronized coal systems appear attractive due to low capital
investment requirements and because run-of-mine coal can be used instead
of more expensive stoker—grade coal. It should be noted that the analy-
sis did not include air quality constraints and does not fully account
for the level of risk or uncertainty associated with micronized coal
firing. The results should certainly not be interpreted to mean that
micronized coal will always be the best choice for coal-fired systems.
More in-depth studies are required to come to conclusions concerning
which technologies are the most promising for an individual heating
plant, and this was not the objective of the analysis presented in this
report,

Potential cost savings for the '"next best" option. It is likely

that micronized coal technology is not applicable to some of the boiler
plants examined, and for this reason the '"next best" technology results
were also identified. This refers to whatever applicable technology was
calculated to have the second highest benefit/cost ratio at each site.
Note from Table 8 that this "next best'" technology varied from site to
site., Slagging combustor refit, stoker refit, and packaged stoker
boilers were the most common '"next best" technology choices. Often,
several technologies gave very similar benefit/cost ratio results, and
in a few cases the results for two technologies were virtually identi-

cal; therefore, two technologies are listed in Table 8.
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3.4.2 Potential of Heating Plants to Use Coal

The objective of performing the LCC analysis presented in this
report is to have a tool to assist in shortening the list of Air Force
heating plants under consideration. By examining the analysis results,
heating plants with very little potential for coal use may be identi-
fied. Heating plants showing the poorest economic potential for the
relatively small types of projects considered in the analysis can be
easily identified from Table 9. Reducing the list of plants is not
simply a matter of eliminating these heat plants from consideration;
first, a number of questions should be answered to determine if the par-
ticular heating plant has potential for other types of coal utilization
projects, especially cogeneration of heat and electricity.

If a plant has a relatively large heat load, has a large electric
load, or must pay a high price for electricity, perhaps some alternative
coal project could show some promise. Data pertaining to the heating
plants that may be relevant to this matter are shown in Tables 10 and
11,

Ranking the heating plants. The heating plants have been ranked in

Table 9 by the benefit/cost ratios presented in Table 8. Two rankings
are given, one for use of micronized coal technology and one for the
"next best" technology. From Table 9, the heating plants with high or
low potential for coal use can be identified.

Fifteen sites were identified with a benefit/cost ratio >1.0 for
micronized coal-firing technology, and 11 sites for the "next best"
technology. The "top 11" sites are the same for micronized coal tech-
nology and the 'next best" technology cases, although the order is
somewhat different. There seems to be no reason to eliminate any of
these "top 11" sites from further consideration at this point.

Using similar reasoning, heating plants can be identified that have
benefit/cost ratios <l1.0 for both cases given in Table 9. It seems
reasonable to consider eliminating these plants from further considera-
tion. Included in this category (plant building numbers are given when
needed) are Wurtsmith, Elmendorf, Maxwell, Tinker No. 208, Hill No. 260,
and No. 825, Keesler, Lowry, McChord, Charleston, and Whiteman. These

plants can be referred to as the "bottom 11."
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Table 1l1. Air Force base electric
consumption and cost

Annual
. Cost of
electric L
Base . electricity
consumption (¢/kWh)
(MWh/year)
Elmendorf 90,500 3.50
USAF Aacademy 81,900 3.50
Hill 192,900 5.20
Kelly 248,800 5.10
McClellan 258,600 3.50
Robins 196,100 4.40
Tinker 263,000 4.80
Arnold 482,500 4.50
Hanscom 62,000 6.10
Keesler 142,700 4.50
Lowry 71,000 4.30
Maxwell 62,600 5.40
Andrews 137,500 5.00
Charleston 74,800 4.50
Dover 63,700 6.60
McChord 76,700 1.64
McGuire 74,700 7.80
Scott 70,800 4.90
Grand Forks 81,400 2.15
Minot 71,400 3.20
Pease 44,500 6.00
Plattsburgh 45,000 Y
Whiteman 61,000 4.80
Wurtsmith 40,000 5.26

Four central heating plants are left that have not been identified
in either the '"top 11" or "bottom 11" categories. These plants, which
are the central plants at the USAF Academy and Scott, Dover, and

McClellan AFBs, should be given further review.

3.4.3 Heating Plants Dropped from Consideration

Using the information in Tables 9-11, decisions can be made whether
to eliminate certain heating plants that show the least economic poten-
tial for coal utilization. In this section, the list of candidate plant

conversions is further reduced from 26 to 16. Tables 10 and 11 can be
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used to identity heating plants that have characteristics favorable or
unfavorable to coal utilization that may not be reflected by the eco-
nomic analysis.

Six heat plants can be identified that show very little promise for
coal wuse. All have relatively small electric and heat loads, have
moderate Lo low electric rates, and had low benefit/cost ratios in the
LCC presented earlier. It is recommended that the central heating
plants be dropped from further consideration at Whiteman, Charleston,
McChord, Lowry, Maxwell, and Wurtsmith AFBs.

Several other heat plants are recommended for elimination at this
point but require some explanation., Each plant is dealt with separately
in the following text.,

Hill AFB No. 825. Hill AFB has two heating plants under scrutiny

in this study, and the base uses a relatively large amount of electric-
ity. Heating plant No. 825 uses about 300 BBtu/year and plant No. 260
uses about 1100 BBtu/year. It is obvious from the heating loads that
the smaller plant will not be attractive for coal, and any large project
involving cogeneration would involve the larger plant. Heating plant
No. 825 is therefore dropped from the list, but Hill AFB plant No. 260
1s retained for future consideration,

Keesler AFB. The central heating plant at Keesler AFB is quite
small (34 MBtu/h average heat load), but Keesler does consume a rela-
tively large amocunt of electricity (143,000 MWh/year). Considering the
price of electricity is moderate at 4.5¢/kWh, it would be quite diffi-
cult for coal to be viable for cogeneration unless fuel and electric
costs changed significantly. Keesler is recommended to be dropped from
further consideration.

McClellan AFB. The central heating plant at McClellan AFB is

small, but the base uses a relatively large quantity of electricity
(250,600 MWh/year). Because electric rates are low (3.5¢/kWh), cogen-
eration projects are not economically viable. The results of the LCC
analysis did give this site at least a marginal benefit/cost ratio for
micronized coal firing; however, the local environmental regulations are
very strict (McClellan is located in a California nonattainment area),!

and this is not properly accounted for in the analysis. Because of the
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strict regulatory climate, 1t is judged that coal utilization cannot be
competitive, and this plant should be dropped from consideration.

Tinker AFB No. 208. Heating plant No. 208 consumes a large amount

of fuel, and therefore Tinker AFB may be a reasonable site for cogenera-
tion. However, an unfavorable benefit/cost ratio was calculated in the
economic analysis. Heating plant No. 3001 is much larger (consumes more
than twice as much fuel) and fared much better in the LCC analysis.
Because of this larger plant, Tinker AFB will remain as a site for
further consideration. It 1s recommended that heat plant No. 208 be
removed from the list with one contingency: if large coal utilization
projects are examined for Tinker AFB in further studies, projects that
include or replace both heating plant No. 208 and No. 3001 will be
considered.

The list of plants that should be given closer study has now been
reduced from 26 to 16. Some justification for keeping selected plants

on this list are given in the next section.

3.4.4 Heating Plants that Warrant Further Consideration

A number of heating plants examined by the LCC analysis show enough
promise to justify further study. All plants for which the benefit/cost

"next best"

ratio was greater than 1.0 for both micronized coal and the
technology (Table 9) are recommended for further examination. These
plants include the major central heat plant at the following AFBs:
Robins, Arnold, Kelly, Hanscom, Plattsburgh, Minot, Pease, Tinker (No.
3001), McGuire, Andrews, and Grand Forks.

USAF Academy, Scott AFB, and Dover AFB. The main heat plants at

these sites are borderline cases according to the LCC analysis. It was
judged prudent to retain these sites for subsequent study, especially
considering that the list of sites has been shortened to a satisfactory
number.

A few facts can be cited that support retaining the Academy and
Dover AFB. The main heating plant at the Academy is among the top eight

fuel~consuming plants examined (Tables 10 and 11). Electricity at Dover
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AFB 1is priced near 6.6¢/kWh, with electric ronsumption near 64,000 MWh/
year. There 1s some promise for a small cogeneration project at Dover.

Elmendortf AFB. The main heat plant at Elmendorf is the largest

tfuel-using facility under consideration. The reason the economic analy-
sis results are relatively poor (ranked 17 in Table 9) is because of
very low-priced natural gas currently available (about $2.05/MBtu), a
situation that could easily change. Coal might be attractive if gas
prices were more typical. 1t is recommended that this particular plant
remain under consideration.

Hill AFB No. 260. Heat plant No. 260 at Hill AFB is the third

largest fuel consumer considered. Hill is alsoc a large clectric user
(193,000 MWh/year) at a cost near 5.2¢/kWh. The poor economic results
are because of the availability of gas at under $3.0/MBtu. Further
consideration of this plant is recommended because of its potential for
cogeneration and because coal may be attractive if gas prices rose to a

more typical value.

3.4.5 Reduced List of Candidate Heating Plants

With the elimination of 10 heating plants from furthe: considera-
tion, 16 plants located at 16 different Air Force sites remain for
further review. A summary of these remaining heating plants is pre-
sented 1n Table 12.

After reviewing the remaining heating plants, it was concluded that
no others can be eliminated with a high level of confidence. Rather
than reduce the list further, it appears better to concentrate on refin-
ing information and performing more detailed analyses in future work. A
discussion concerning the potential of the remaining heat plants to use

coal and of further work to be done is given in the next sections.
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Table 12. Remaining heating plants ranked by fuel use
Estimated . .
B Building annual Primary Primary Potential
ase fuel cost coal use
No. fuel use fuel ($/MBtu) (tons/year)

(BBtu,year) y

Elmendorf 22-004 2650 Gas 2.05 60,200
Tinker 3001 1375 Gas 2.85 37,600
Hill 260 1100 Gas 2.97 19,900
Robins 177 900 Gas 3.90 25,900
Plattsburgh 2658 825 No. 6 0il 3.67 18,000
McGuire 2101 800 Cas 4.00 13,700
USAF Academy 2560 800 Gas 3.50 18,300
Hanscom 1201 800 No. 6 oil 3.67 19,400
Arnold 1411 610 Gas 3.97 19,700
Grand Forks? 423 550 No. 6 0il 3.67 13,600
Andrews 1515/1732 540 No. 6 0Oil 3.67 15,900
Kelly 376 540 Cas 4.00 17,100
Minot 413 500 Cas 4.18 12,200
Scott 45 440 Gas 3.80 11,900
Dover 617 425 No. 6 0il 3.67 13,500
Pease 124 380 Gas 3.80 17,900

Total fuel consumption
Total potential coal use = 334,800 tons/year

13,235 BBtu/year

4Grand Forks presently uses electric boilers to meet steam demand,

and the residual oil-fired boilers are idle.

consumption assumes oil firing.

The value given for fuel




4., OTHER CONSIDERATIONS

4.1 COMPARISON WITH ORI, INC./C. H. GUERNSEY & CO. RESULTS

The ORI, Inc./C. H. Guernsey & Co. study (Sect. 2.1) recommended 12
AFBs as the "most favorably ranked" sites for coal use. These 12 sites
were chosen based on a detailed matrix ranking scheme that examined
important heating plant and energy use parameters. However, this list of
12 sites was developed before performing an LCC analysis of potential
coal utilization projects. Included among these 12 sites were the heat
plants at McChord and Seymour Johnson AFBs, both of which were elimi-
nated from the list of bases under consideration in this report. The
other 10 AFBs recommended by ORI, Inc./C. H. Guernsey & Co. coincide
with the heat plant sites chosen by ORNL for further consideration 1in
this study.

The ORI, Inc./C. H. Guernsey & Co. study includes an economic
analysis for each of the 12 sites recommended for coal use. Based on
the economic analysis, seven sites were chosen as most suitable for coal
utilization: Elmendorf, USAF Academy, Hill, Kelly, Robins, Arnold, and
Plattsburgh. All seven of these sites have also been selected in this
report. Although the approach used in the ORI, Inc./C. H. Guernsey &
Co. study was much different, the results of that study do not seriously

conflict with the findings of this report,

4.2 POTENTIAL COAL USE

The provisions of the Defense Appropriations Act of 1986 (PL 99-190
Section 8110) directs the DOD to implement the rehabilitation and con-
version of central heating plants to coal firing, where a cost benefit
can be realized. The coal utilization target set by this Act is
1,600,000 short tons per year above current use by 1995. It is of
interest to examine the potential impact the projects proposed by this
report would have toward meeting this goal.

If the estimated coal use for proposed projects at the 16

heating plants listed in Table 12 are summed, a total of roughly
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330,000 tons/year would be consumed. If it were assumed that each
boiler plant were completely converted to coal rather than just for
meeting base load, a total of roughly 13,000 BBtu/year of coal would be
consumed, which translates into about 520,000 tons of coal/year (average
coal heating value of 12,500 Btu/lb).

It is certain that completely converting these heating plants to
coal firing will not be economical for most sites unless fuel prices
change rather drastically. Only a subset of the 16 conversion projects
represented in Table 12 are likely to be considered economically viable
after future detailed studies are completed. Increased coal use of
significantly <330,000 tons/year would be expected before 1995 by pur-
suing the projects examined in this study. It is concluded that other
types of coal utilization projects should also be explored if any large
portion of the 1,600,000-tons/year target is to be met without an
economic loss to the Air Force. Suggested project categories include
cogeneration and expansion of heating systems at sites where coal 1is

currently the main fuel.
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5. CONCLUSIONS AND RECOMMENDATIONS

Sixteen Air Force heating plants have been chosen as the best
candidates for coal utilization from among the Air Force facilities
located in the contiguous United States and Alaska. These are all
facilities that normally use more than 350 BBtu/year of oil or gas (with
the exception of Grand Forks AFB, which currently uses electric boil-
ers). It is doubtful that any individual steam or hot water plants of
this size have been overlooked; if so, they should be reviewed for
consideration in subsequent studies.

It is likely that several of these 16 chosen heat plants could use
coal at a cost savings. This subject will be explored in greater detail
in a subsequent study.® The 1,600,000~tons/year target for additional
coal use by DOD over 1986 coal consumption levels would be impacted by
330,000 tons/year, assuming projects are implemented at the 16 selected
sites. It is unlikely that all such projects would in reality be
economical, even when considering the 1995 time frame; therefore, the
projected coal use impact would be smaller than 330,000 tons/year. To
achieve larger coal use it 1s recommended that cogeneration, plant
expansion, and other types of projects be explored.

The 16 candidate heating plants are examined further in a companion
study,9 which involves verification of data pertaining to these facili-
ties and gathering more detailed information to take a closer look at
each facility. In particular, the cost and specifications of coal
available at each site must be estimated, and the environmental con-
straints and site-specific limitations should be thoroughly understood.
Fuel price escalation should also be explored in subsequent work.

In subsequent studies a variety of project types should be exam-
ined, including a full range of technologies and cogeneration schemes.
The study by ORI, Inc./C. H. Guernsey & Co. examined only a very narrow
range of coal technologies and project scenarios. This range should be
expanded to find more optimum projects from an economic standpoint.
Projects such as plant expansion at coal-fired facilities and a broad

range of cogeneration schemes should be explored.
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After examining the 16 chosen heating plants and possible coal
utilizing projects in more detail, the best sites for coal conversion
will be identified. This will allow a small number of "top candidate"

sites to be considered for a first project and/or for a demonstration
site.
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Appendix A

ECONOMIC ANALYSIS: INPUT AND RESULTS

This appendix contains the input data for and the results of the
economic analyses performed on each of the 24 Air Force bases considered
for conversion to coal utilization, The bases are alphabetized and
grouped according to command (e.g., AAC, AFLC, etc.).

The input data for each Air Force base are broken up into the

following six sections.

1. BACKGROUND

This section gives the location of the Air Force base and the
number and types of boilers present. The primary and (if used) second-
ary fuels are identified, along with the average fuel use and load.
Another important aspect discussed is whether or not any of the boilers
previously burned coal and when any conversion to alternate fuels took

place.

2. HEATING PLANT UNITS

In this section, the number of boilers at the base are specified,

along with each boiler's rating, maker, and year of construction.

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity (or load) factor is defined as the total amount
of heat a boiler produces in 1 year divided by the total amount of heat
that same boiler could produce in 1 year if it were operated at its
design output capacity (maximum continuous rating). The tables in this
section list the expected capacity factors for each coal project size
considered. These expected capacity factors are computed from actual

load data for the heating plants from previous years.

4. ENERGY PRICES

* The costs to the Air Force for electricity, natural gas, and oil at

each base are listed in this section. These prices were obtained from

]




38

the FY 1986 Defense Energy Information System data base and the

C. H. Guernsey & Co. survey.

5. OTHER CONSIDERATIONS

This section contains any information not specified in the previous
sections that may be pertinent in determining the possibility of con-
verting a boiler plant to coal firing. For example, whether or not an
Alr Force base is located in an area governed by strict environmental

regulations will influence the feasibility for coal use at that base.

6. COAL CONVERSION PROJECT OUTLOOK

In this section, the best options for coal conversion at the base
are listed, along with the load factors that would be obtained by each
option.

The outcome of the economic analysis for each base is presented
after the input data. The results show the life-cycle cost and benefit/

cost ratio for each potential coal conversion scenario,
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ELMENDORF AFB: AAC

1. BAUKGROUND

£'mendorf Air Force Base is located near Anchorage, Alaska, and has
one of the largest central heating plants in the Air Force. The annual
fuel consumption is ~2600 BBru/year. Only the primary heating plant
(Bldg. 22-004) is significant to this study.

The main heating plant has six coal-designed bcilers built in 1954
that produce 415 psig superheated steam. All boilers are rated at
150 MBtu/h output heat and were built to burn bituminous or subbitumi-
nous coals. They are described as Erie City, field-erected, two-drum,
bent-tube, water-tube units with economizers, fitted with Peabody ring-
type gas burners and Peabody steam-atomizing oil burners. Natural gas
is now the main fuel, with distillate (arctic diesel) oil as a backup
fuel. The boilers previously burned Matanuska coal with spreader stoker
traveling grate systems. Conversion to natural gas (with arctic diesel
as the secondary fuel) took place in 1968. The Matanuska mines went out
of business because the remaining coal seam dipped steeply, causing
mining to be uneconomical, especially in comparison with natural gas.

Presently, cogeneration is used at this steam plant. The super-
heated steam passes through three Westinghouse 9375-kVA condensing,
single automatic extraction turbogenerators. Steam 1s extracted at

100 psig.

2. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 22-004

FY 1979
Fuel Ideal
input capacity
(MBtu/h) factor
250 0.97
300 0.90
350 0.83
400 0.76
450 0.685
500 0.62
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3. ENERGY PRICES

FY 1986 Price Data

Gas prices averaged about $1.94/MBtu in FY 1986 but were as high as
$2.60/MBtu in September, according to the DEIS data. Distillate oil cost
$5.90/MBtu in 1986. Electric prices averaged 8.0¢/kWh but seemed to
increase near the end of the fiscal year. The purchased electric load
was small: 600 MWh/year, costing about $48,000. This probably does not
include any of the electricity generated by the cogeneration system on
the base. Fuel use was 2,091,000 and 134,000 MBtu for natural gas and
distillate oil, respectively. Average fuel use was about 250 MBtu/h.

Coal is used at Eielson AFB in Alaska at a cost near $2.8/MBtu.

C. H. Guernsey & Co. Survey

The price ot gas is ~$2.05/MBtu, oil (arctic diesel) is ~$5.9/MBtu,
and electricity is 3.5¢/kWh (this disagrees with the DEIS data).

4. OTHER CONSIDERATIONS

Wages for steam plant personnel look very high, about $17/h in
1980, Nineteen people were listed as the main boiler plant personnel.

Coal has some special problems in Alaska because of freezing tem-
peratures and transportation difficulties. Coal costs seem muct higher

than are typical in the United States.

5. COAL CONVERSION PROJECT OUTLOOK

A conversion project would involve replacement or refit of the
existing six 150-MBtu/h boilers. Based on the capacity factor analysis,
the most economical coal options would probably be to replace/refit two
or three boilers. Because natural gas prices are low ($2.00—$2.60/MBtu),
the best economic option is to continue natural gas firing. Coal prices
are suspected to be quite high in Alaska, but this has not been accu-
rately documented.

The maximum load factor for conversion/replacement of two 150-
MBtu/h units (375 MBtu/h fuel input for both units) would be ~0.80. If
90X coal system availability is assumed, then a realistic plant load

factor for ccal firing would be 70%.
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Table A.1. Elmendorf AFB: 1 x 150 MBtu/h, without SOZ control

Total steam/hot water output

150.0 MBtu/h

boiler capacity faccur - 0. 880
Number of units for refit = 1
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {cents/kwh) = 3.50 Ash fraction = 0,100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHY (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 2.05 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0il price ($/MBtu) = 0.00 Coal/H_O mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3,50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
SO, control multiplier = 0.0 1=#6 0i1, 2=#2 Gil, 3=MG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (X/year) = 10
Uniform pres worth factor = 9.427
fuel to Capital Life
[ steam/ Fuel Invest- Annudl costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler - 0. 800 2.05 0.0 917.8 2963.1 36584.9 <-- Primary fuel
#2 0il fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.n
#6 011 fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 4535.4 1433.7 2168.1 38489.1 0.951 60,225
Slagging burner refit 1 0.800 1.50 7987.3 1433.7 2168.1 41941.0 0.872 60,225
Modular FBC refit i 0.790 1.50 9202. 4 1357.9 2195.5 42700 7 0.857 60,987
Stoker firing refit 1 0.760 1,75 5308.7 1328.4 2662.6 40931.4 0.852 60,859
Coal/water slurry 1 0.750 3.00 4167.3 1252.6 4625.3 59577.4 0.614 64,240
Coal/oil slurry 1 0.780 3.50 3764.9 1092.9 5188.6 62980.0 0.581 27,796
Low Btu gasifier refit 3 0.679 1,75 10892.3 1768.9 2982,0 55678.6 0.657 68,159
Packaged shell stoker k) 0.760 1.75 9273.2 1502.5 2662.6 48536.8 0.754 60,859
Packaged shell FBC 3 0.760 1.50 11817.3 1534.4 2282.2 47796.3 0.765 63,395
Field erected stoker i 0.800 1.75  12317.% 1305.6 2529.5 48470.0 0.755 57,816
Field erected FBC 1 0.800 1,50 13682.2 1437.9 2168.1 47676.G G.767 60,225
Pulverized coal boiler 1 0.820 1.50 14405.2 1468.9 2115.2 48192.4 0.7%9 58,756
Circulating FBC 1 0.810 1.0 17001.7 1452.6 2141.3 50881.1 0.719 59,481
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Taple A.2. Elmendorf AFB: 2 x 150 MBtu/h, wit'.out SO2 control

Total steam/hot water output

300.0 MBtu/h

Boiler capacity factor = 0.700
Number of units for refit = 2
Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price (%/ton) = 10.00 R.0.M. Stoker
Electric price {(cents/kwh) = 3.50 Ash fraction = (.100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 iHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price {$/MBtu) = 2.05 R.0.M. coal ($/MBtu) = 1.50
#2 0i) price (%/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i) price ($/MBtu) = 0.00 Coa]/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oi) mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
SO ¢ontrol aultiplier = 0.0 1=#6 0i1, 2:42 0il, 3=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler - 0. 800 2.05 0.0 1209.5 4714,0 55840.3 <-- Primary fuel
#2 0il fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 2 0.800 1.50 8390.5 1982.8 3449.3 59598.3 0.937 95,813
Slagging burner refit 2 0.800 1.50 14776.5 1982.8 3449.3 65984.3 0.846 95,813
Modular FBC refit 2 0.790 1.50 17024,4 1857.8 3492.9 67464.9 0.828 97,025
Stoker firing refit e 0.760 1.75 9821.0 1810.8 4235.9 66823.0 0.836 96,821
Coal/water slurry 2 £.750 3.00 7709.6 1713.3 7358.4 93227.8 0.599 102,200
Coal/oil slurry 2 0.780 3.50 6965.0 1496.4 8254.6 98886.8 0.565 44,221
Low Btu gasifier refit 6 0.679 1.76  21179.5 2529.0 4744.0  89741.9 0,622 108,435
Packaged shell stoker 6 0.760 1.75  18031.3 2040.5 4235.9 77198.4 0.723 96,821
Packaged shell FBC 6 0.760 1.50 22978.1 2091.3 3630.8 76919.6 0.726 100,855
Field erected stoker 1 0.800 1.75  19110.8 1653.6 4024.1 72633.9 0.769 91,980
Field erected FBC 1 0.800 1.50 21366.6 1841.4 3449.3 71241.2 0.784 95,813
Pulverized coal boiler 1 0.820 1.50 22386.1 1866.4 3365.1 71703.0 0.779 93,476
Circulating FBC 1 0.810 1.50 27332.3 1868.0 3406.7 77055.9 0.725 94,630
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USAF ACADEMY

1. BACKGROUND

The USAF Academy is located 10 miles north of Colorado Springs,
Colorado. There are two significant boiler plants at the Academy
(Bldgs. 2560 and 8026), both of which produce pressurized hot water.
Natural gas is the primary fuel, and No. 5 fuel oil (150,000 MBtu/gal)
is the reserve fuel. All boilers are water-tube type and were designed
for oil/gas firing.

A significant amount of fuel is used at the Academy. Yearly totals
for fuel consumption by both heating plants were reported to be 817 BBtu
for FY 1978 and 809 BBtu for FY 1979, Heating plant No. 2560 is the
larger plant and is reported to use 555 BBtu/year (C. H. Guernsey & Co.

survey).

2. HEATING PLANT UNITS

Heating Plant No. 2560

3 x 100 MBtu/h; Combustion Engineering (1957)
80 MBtu/hj Boiler Engineering and Supply Co. (1968)

Heating Plant No. 8026

2 x 30 MBtu/hj National Steel (1957)
(possibly a Combustion Engineering boiler)

3. IDEAL CAPACITY FACTOR ANALYSIS

No data were available.

4. ENERGY PRICES

FY 1986 Price Data

Electricity = 3.5¢/kWh at end of year
Natural gas = $3.8/MBtu
No. 5 oil = very little purchased

C. H. Guernsey & Co. Survey

Electricity = 3.5¢/kwh
Natural gas = $3.5/MBtu
No. 5 oil = no reported value
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5. OTHER CONSIDERATIONS

Heating plant No. 2560 is capable of producing 425 psig of hot
waler bul operates at about 185 psig. The design pressure for heating
plant No. 8026 1is 275 psig.

It should be noted that no boilers were designed for coal firing,
and there may be strict air-quality constraints and aesthetics to be

considered.

6. COAL CONVERSION PROJECT OUTLOOK

Heating plant No. 2560 appears to have an average load of ~47 to 53
MBtu/h. The reported peak load for this plant is about 150 MBtu/h.
Because there are no load data available, a realistic load factor can
only be estimated for a given project scenario. If the 80-MBtu/h boiler
were replaced or retitted for coal firing and had the same capacity, a

realistic capacity factor might be about 5G%.




Table A.3.

USAF Academy:
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2

1 » 80 MBtu/h, without SO_ control

Tota) steam/hot water output = 80.0 MBtu/h
Boiler capacity factor = 0,500
Nunber of units for refit = |
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M, Stoker
Electric price (cents/kwh) = 3.50 Ash fraction = 0.100 0.09G
Labor rate (k$/year) - 35.00 Sulfur fraction = 0.025% 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/lb) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.50 R.0.M. coal ($/MBtu) = 1,50
#2 0i) price {$/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0il price (3/MBtu) = 0.00 Coal/HZO mix {$/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3,50
Soot blower multiplier = 1,0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
SO_ control multiplier = 0.0 1=#6 0il, 2=#2 0il, 3=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life {year) - 30
Discount rate {%/year) = 10
Uniform pres worth factor = 9.427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ kS k$ ratio ton/year
Natural gas boiler - 0. 800 3.50 0.0 704.1 1533.0 21088.6 <-- Primary fuel
#2 0i) fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 3439.2 1082.6 657.0 19838.1 1.063 18,250
Slagging burner refit 1 0.800 1.50 5826.3 1082.6 657.0 22225.2 0.949 18,250
Modular FBC refit 1 0.790 1.50 6670. 1 1048.1 665.3 22822.4 0.924 18,481
Stoker firing refit Not applicable because existing boiler was designed for #2 oil
Coal/water slurry 1 0.750 3.00 3521.5 965.8 1401.6 25839.2 0.816 19.467
Coal/oil slurry 1 0.780 3.50 2957.0 854.5 1572.3 25834.0 0.816 8,423
Low Btu gasifier refit 2 0.679 1.75 6560. 3 1224.0 903.6  26617.2 0.792 20,654
Packaged shell stoker 2 0.760 1.7% 5642.5 1132.8 806.8 23927.5 0.881 18,442
Packaged shell FBC 2 0.760 1.50 7076.3 1142.5 691.6 24365.8 0. 865 19,211
Field erected stoker ! 0.800 1.78 8330.5 1029.0 766.5 25256.8 0.835 17,520
Field erected FBC 1 0.800 1.50 9193.3 1112.3  657.0 25872.1 0.815 18,250
Pulverized coal boiler 1 0.820 1.50 9718.9 1148.0 641.0 26583.8 0.793 17,805
Circulating FBC 1 0.810 1.50 11130.6 1098.6 648.9 27604.0 0.764 18,025
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HILL AFB: AFLC

1. BACKGROUND

Hill AFB is located near Ogden, Utah. There are about 13 steam
plants located on this base, with plant No. 260 being by far the largest
fuel user. Boiler plant No. 825 is the second largest fuel-using heat-
ing facility, but it is probably too small for coal to be an economic
option.

Boilers at both heating plants are water—tube type units that
produce 100 psi steam and are designed for distillate oil and natural

gas firing. Natural gas 1s presently the primary fuel.

2. HEATING PLANT UNITS

Heating Plant No. 260

2 x 28.5 MBtu/h; Cleaver Brooks (1975)
4 x 33.5 MBtu/hj Union Iron Works (1955)
2 x 33.5 MBtu/h; Erie City (1962)

Heating Plant No. 825

3 x 40.2 MBtu/hj; Murray Iron (1957)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 260 Plant No. 825
FY 1985 FY 1985
Boiler Ideal Boiler Ideal
output capacity output capacity
(MBtu/h) factor (MBtu/h) factor
30 0.83 20 0.58
50 0.77 30 0.58
70 0.72 40 0.56
90 0.68 50 0.53
120 0.64 60 0.51
150 0.60 70 0.48
180 0.52 80 0.43
210 0.44
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4. ENERGY PRICES

FY 1986 Price Data

Electricity = 5.2¢/kWh
Distillate oil = $5.92/MBtu
Natural gas = $2.85/MBtu

C. H. Guernsey & Co. Survey

Electricity = no reported value
Distillate oil = $5.63/MBtu
Natural gas = $2.97/MBtu

5. OTHER CONSIDERATIONS

A study could be conducted to investigate the feasibility of re-
placing some of the smaller steam plants with a more efficient steam

distribution system. Air-quality constraints appear to be strict.

6. COAL CONVERSION PROJECT OUTLOOK

The most feasible project for plant No. 260 would involve refit/
replacement of one to three of the 33.5-MBtu/h boilers. Low gas prices
will probably prevent any coal conversion projec. from being economical
at this time.

An overall load factor of about 65% is estimated for refit/replace-
ment of two 33.5-MBtu/h units. Replacing a single 33.5-MBtu/h unit
would probably result in a load factor of about 72%. If three 33.5-
MBtu/h units are replaced, the expected load factor decreases to about
57%.

A coal conversion project could be considered for heating plant No.
825, but it appears to be considerably less attractive. If one 40.2-
MBtu/h unit were replaced or converted to utilize coal, the expected

overall load factor would optimistically be 46%.




Table A.4. Hill
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AFB (B1dg.260): 1 x 33.5 MBtu/h, without SO, control

Total steam/hot water output = 33.5 MBtu/h
Boiler capacity factor = 0.720
Number of units for refit = 1
Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price {$/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kwh) = 5.20 Ash fraction = 0.100 0.090
Labor rate (k3/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price (3/MBtu) = 2.97 R.0.M. coal ($/MBtuy) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0il1 price (3/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/ot] mix ($/MBtu) = 3.50
Soot blower multiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multip'ie~ = 1.0 MATUPAL GAS
SO control multipiier = 0.0 1=#6 0il, 2=42 0il, 3=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Oiscount rate (%/year) = 10
Uniform pres worth factor = 9,427
fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Katural gas boiler -- 0. 800 ¢ A7 0.0 540.0 784.4 12485.3 <-- Primary fuel
#2 0il fired boiler 0.80G 0.00 0.0 0.0 0.0 0.0
#6 0itl fired boiler . 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2155.9 B863.1 396.2 14027.4 0.890 11,005
Slagging burner refit ! 0. 800 1.50 3596. 4 863.1 396.2 15467.9 0.807 11,005
Modular FBC refit 1 0.790 1.50 4107.3 835.9 401.2 15769.2 0.792 11,144
Stoker firing refit Yo applicable because existing boiler was designed for #2 oil
Coal/water slurry 1 0.750 3.00 2156.7 765.0 845.2 17335.9 0.720 11,738
Coal/oil slurry 1 0.780 3.50 1792.0 682.7 948.1 17165.2 0.727 5,079
Low Btu gasifier refit 1 0.679 1.75 3203.3 895.9 544.9 16785.0 0.744 12,455
Packaged shell stoker 1 0.760 1.75 2777.9 828.4 486.5 15173.9 0.823 11,121
Packaged shell FBC 1 0.760 1.50 3439.8 836.3 417.0 15255.1 0.818 11,584
Field erected stoker 1 0.800 1.75 4905.1 821.1 462.2 17002.6 0.734 10,565
Field erected FBC i 0.800 1.50 5360. 4 882.8 396.2 17417.6 0.717 11,005
Pulverized coal hoiler 1 0.820 1.50 5695. 3 913.7 386.5 17952.4 0. 695 10,736
Circulating FBC i 0.810 1.50 6267.7 881.2 391.3 18263.4 0.684 10,869
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Table A.5. Hill AFB (Bldg. 260)}: 2 x 33.5 MBtu/h, without SO2 control

Total steam/hot water output = 67.0 MBtu/h
Boiler capacity factor = 0.650
Number of units for refit = 2

Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.O.M. Stoker
Electric price (cents/kWh) = 5,20 Ash fraction = 0.100 0.090
Labor rate (k$/year} = 35.00 Sulfyr fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 2.97 R.0.M. coal ($/MBtu) = 1.50
#2 011 price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 0i) price ($/MBtu) = 0.00 Coal/Hzo mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix {$/MBtu) = 3.50
Soot blower multiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
S0, control multiplier = 0.0 1=#6 0il, 2=#2 0il, 3=NG
LIMESTONE /L TME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (¥/year) = 10
Uniform pres worth factor = 9.427
Fuel to Capital Life
# stean/ Fuel Invest - Annual costs cycle Benefit Coal
of hot water price aent 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ (33 ratio ton/year
Natural gas boiler -- 0.800 2.97 0.0 685.5 1416.3 19813.2 <-- Primary fuel
#2 0i) fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit ? 0.800 1.50 3988.5 1172,7 715.3 21786.5 0.908 19,870
Slagging burner refit 2 0.800 1.50 6653. 4 1172.7  715.3 24451.5 0.810 19,870
Modular FBC refit 2 0.790 1.50 7598.5 1124.5 724.4 25027.4 0.792 20,121
Stoker firing refit Yot applicable because existing boilers were designed for #2 oil
Coal/water slurry 2 0.750 3.00 3989.9 1028.2 1526.0 28068.0 0.706 21,194
Coal/oil slurry 2 0.780 3.50 3315.1 918.4 1711.9 28110.6 0.705 9,171
Low Btu gasifier refit 2 0.679 1.75 5926. 1 1252.9  983.8 27011.3 0.734 22,487
Packaged shell stoker 2 0.760 1.78 5139.0 1111.0 878.4 23893.5 0.829 20,079
Packaged shell FBC 2 0.760 1.50 6363.6 1125.3 753.0 24069.6 0.823 20,915
Field erected stoker ] 0.800 1.75 7469.9 1007.5 834.5 24834.3 0.798 19,075
Field erected FBC 1 0.800 1.50 82271.7 1093.9 715.3  25283.4 0.784 19,870
Pulverized coal boiler 1 0.820 1.50 8707.6 1125.6 697.9 25896.9 0.765 19,385
Circulating FBC i 0.810 1.50 9889.7 1094.2 706.5 26864.8 0.738 19,624




Table A, 6.
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AFB (B1dg.260): 3 x 33.5 MBtu/h, without 502 control

Tota) steam/hot water output

100.5 WBtu/h

Boiler capacity factor = 0.570
Number of units for refit = 3
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kWwh) = 5,20 Ash fraction = 0.100 0.090
Labor rate (k%/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price {$/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 2.97 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i1 price ($/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multipltier = 1,0 NATURAL GAS
SO_ control multiplier = 0.0 1=#6 011, 2=#2 011, 3=NG
LIMESTONE /L IME
Inert fraction = 0.905
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units EFF $/MBtu k3 k$ k$ k$ ratio ton/year
Natural gas boiler -~ 0.800 2.97 0.0 793.3 1863.0 25040.8 <-- Primary fuel
#2 0i) fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boijler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 3 0.800 1.50 5821.0 1402.9 940.9 27916.0 0.897 26,136
Slagging burner refit 3 0.800 1.50 9710.4 1402.9 940.9 31805.4 0.787 26,136
Modular FBC refit 3 0.790 1.50 11089.6 1337.8 952.8 32682.7 0.766 26,467
Stoker firing refit Not applicable because existing boilers were designed for #2 oil
Coal/water slurry k) 0.750 3.00 5823.0 1223.1 2007.3 36275.1 0.690 27,879
Coal/o1l slurry 3 0.780 3.50 4838.3 1093.7 2251.7 36375.9 0.688 12,063
Low Btu gasifier refit 3 0.679 1.75 8648.9 1527.0 1294.1 35243.4 0.711 29,580
Packaged shell stoker 3 0.760 1.75 7500, 2 1320.0 1155.5 30836.8 0.812 26,411
Packaged shel) FBC 3 0.760 1.50 9287.4 1338.8 990.4 31244.8 0.801 27,512
Field erected stoker 1 0.800 1.75 9593.1 1140.7 1097.7 30694.2 0.816 25,091
Field erected FBC 1 0.800 1.50 10612, 4 1245.4  940.9 31222.4 0.802 26,136
Pulverized coal boiler 1 0.820 1,50 11202.9 1276.6 918.0 31890.7 0.785 25,499
Circulating FBC 1 0.810 1.50 12969.7 1246.0 929.3 33475.8 0.748 25,814




51

Table A.7. Hill AFB (Bldg. 825): 1 x 40 MBtu/h, without SOZ control

Total steam/hot water output = 40.0 MBtu/h
Boiler capacity factor = 0.460
Number of units for refit = 1

Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kwh) = 5,20 Ash fraction = 0.100 0.090
tabor rate (kd/year) : 35.00 Sulfur fraction = 0.025 0.022
Limestone price {$/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price {$/MBtu} = 2.97 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 0i1 price ($/MBtu) = 0.00 CoaI/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower myltiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
SO, control muitiplier = 0.0 1=46 0il, 2=#2 0i), 3=NG
LIMESTONE/L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30

Discount rate (%/year) = 10
Uniform pres worth factor = 9,427

Fue) to Capital Life
# stean/ Fuel Invest- Annual costs cycle Benefit Coal
ot hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year

Natural gas boiler - 0.800 2.97 0.0 565.3 598.4 10970.2 <-- Primary fuel
#2 0i1 fired boiler -- 0.800 0.00 .0 0.0 0.0 0.0
#6 0i1 fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2366.9 890.6 302.2 13611.8 0.806 8,395
Slagging burner refit 1 0. 800 1.50 3962.6 890.6 302.2 15207.6 0.721 8,395
Modular FBC rerit 1 0.790 1.50 4528. 3 865.5 306.0 15572.7 0.704 8,501
Stoker firing refit Not applicable because existing boiler was designed for #2 oil
Coal/water slurry 1 0.750 3.00 2380.0 793.9 644.7 15942.1 0.688 B,955
Coal/oil slurry 1 0.780 3.50 1981.5 708.7 723.3 15480.5 0.709 3,875
Low Btu gasifier refit 1 0.679 1.75 3546.1 922.8 415.7 16164.0 0.679 9,501
Packaged shell stoker 1 0.760 1.75 3050.0 859.8 371.1 14654.5 0.749 8,483
Packaged shell FBC 1 0.760 1.50 3825.0 865.9 318.1 14986.5 0.732 8,837
Field erected stoker 1 0.800 1.75 5457.7 852.7 352.6 16819.4 0.652 8,059
field erected FBC 1 0.800 1.50 5976.5 915.6 302.2 17457.0 0.628 8,395
Pulverized coal boiler 1 0.820 1.50 6343.9 947.9 294.8 18059.5 0.607 8,190
Circulating FBC 1 0.810 1.50 7036.9 907.2 298.5 18403.2 0. 596 8,291
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KELLY AFB: AFLC

1. BACKGROUND

Kelly AFB is located near San Antonio, Texas. The central heating
plant (Bldg. 376) has five water-tube boilers that burn natural gas or
No. 2 oil as the backup fuelj; 125 psi steam is produced. The average
fuel use is ~65 MBtu/h. Boiler efficiency is 79 to 82%. No boilers
were designed for coal. All other boiler plants at Kelly are too small

for consideration.

2. HEATING PLANT UNITS

Heating Plant No. 376

2 x 54.5 MBtu/hj Babcock & Wilcox (1971)
49.6 MBtu/h; Babcock & Wilcox (1976)
2 x 50 MBtu/hj Vogt (1954)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 376

FY 1985

Steam Ideal
output capacity
(MBtu/h) factor

30 0.99

40 0.95

50 0.86

60 0.76

70 0.67

80 0.60

4. ENERGY PRICES

FY 1986 Price Data

Electricity = 5.2¢/kWh
Natural gas = $3.88/MBtu

C. H. Guernsey & Co. Survey

Electricity = 5.1¢/kWh
Natural gas = $4.0/MBtu
Distillate oil = $5.88/MBtu
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5. COAL CONVERSION PROJECT OUTLOOK

The most likely projects would include refit/replacement of one or
two boiler units, Existing boilers were probably designed for distil-
late oil and natural gas, which may make it difficult to refit an exist-
ing boiler for coal firing.

If one of the 54.5-MBtu/h units were converted to (or replaced
with) coal, the maximum capacity factor based on monthly data would be
roughly 82%. If equipment availability is assumed to be 90X, then a
realistic load factor would be somewhere near 70%. A project that
involved converting or replacing two units would have a load factor near

45%.
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Table A.B. Kelly AFB: 1 x 50 MBtu/h, without 502 control

Total steam/hot water output
Boiler capacity factor
Number of units for refit
Hydrated lime price($/ton)

= 50.0 MBtu/h

= 0.750
=t
= 40.00

COAL PROPERTIES

Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {(cents/kwh) = 5,10 Ash fraction = 0.100 0.090
Labor rate (k$/year) = 35,00 Sulfur fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 4.00 R.0.M. coal ($/MBtu) = 1.50
#2 011 price ($/MBtu) = 0.00 Stoker coal (§/MBtu) = 1.75
#6 0i1 price ($/MBtu} = 0.00 Coal/HZO mix ($/MBtu) = 3,00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 1,0
Tube bank mod aultiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
SO_ control multiplier = 0.0 1=#6 011, 2=#2 0i1, 3=NG
L IMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMEIERS
Project life (year) = 30
Diseount rate (%/,car) 10
Uniform pres worth factor = 9,427
Fuel to Capitai Life
L4 stean/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price nment 0&M fuel cost Jcost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0.800 4.00 0.0 620.0 1642.5 21328.8 <-- Primary fuel
#2 0i) fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 26685, 3 982.8 615.9 17736.1 1.203 17,109
Slagging burner refit 1 0. 800 1.50 4481.1 982.8 615.9 19551.9 1.091 17,109
Modular FBC refit 1 0.790 1.50 5124.4 247.1 623.7 19932.5 1.070 17,326
Stoker firing refit Not applicable because existing boiler was designed for #2 oil
Coal/water slurry 1 0.750 3.00 2696, 7 868.4 1314.0 23269.9 0.917 18,250
Coal/oil slurry 1 0.780 3.50 2251.2 771.9 1474.0 23423.5 0.911 7,897
Low Btu gasifier refit 1 0.679 1.75 4034.2 1044.3  B847.1 21864.7 0.975 19,363
Packaged shell stoker 1 0.760 1.75 3434.5 935.7 756.4 19385.9 1. 100 17,289
Packaged shell FBC 1 0.760 1.50 4376.8 947.8 648.4 19423.5 1.098 18,010
Field erected stoker ! 0.800 1.75 6247.5 925.3 718.6 21744.1 0.981 16,425
Field erected FBC 1 0.800 1.50 6858.9 1001.3 615.9 22104.2 0.965 17,109
Pulverized coal boiler 1 0.820 1.50 7211.5 1032.6 600.9 22670.4 0.941 16,692
Circulating FBC ] 0.810 1.50 8147.7 1002.4 608.3 23332.1 0.914 16,898
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McCLELLAN AFB: AFLC

1. BACKGROUND

McClellan AFB is located near Sacramento, California. There are
three steam plants at the base, but only one (Bldg. 367) is large enough
for potential coal use. The average load appears to be ~29 MBtu/h. No
boilers were designed for coal; all are water-tube units producing
125 psi, 353°F steam. Natural gas is the primary fuel, with No. 5 oil
as backup. The average fuel consumption for the entire base is about

60 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 367

2 x 50 MBtu/h; Nebraska Boiler (1979)

19 MBtu/h; Babcock & Wilcox (1942)

25 MBtu/hj; Babcock & Wilcox (1920)

The Babcock & Wilcox (B&W) units are not listed in the 1986 infor-
mation and may be retired.

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 367

FY 1985
Steam Ideal
output capacity
(MBtu/h) factor
20 0.85
30 0.72
40 0.65
50 0.57
60 0.49

70 0.42
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4. ENERGY PRICES
FY 1986 Price Data
Year Average End of Year
Distillate oil = $5.76/MBtu
Natural gas = $3.92/MBtu $3.30/MBtu
Electricity = $10.2/MBtu = 3,5¢/kWh Same

C. H. Guernsey & Co. Survey

No data were available.

5. OTHER CONSIDERATIONS

McClellan AFB is located in a nonattainment area; strict air re-

quirements would apply, and emission offsets may be necessary.

6. COAL CONVERSION PROJECT OUTLOOK

The small size of the main steam plant and the strict pollution
controls probably make McClellan an unattractive base for coal utiliza-
tion. A possible project would be conversion or replacement of a 50-
MBtu/h boiler with coal-burning equipment, with an expected load factor

near 50%.
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Table A.9. McCleltan AFB: 1 x 50 MBtush, without 502 control

Total steam/hot water output =
Boiler capacity factor

0.500

Nunber of units for refit = 1

50.0 MBtu/h

Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kWh) : 3.50 Ash fraction = 0.100 0.220
Labor rate (k$/year) = 35.00 Sulfur fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.92 R.0.M. coal ($/MBtu) = 1.50
#2 0i) price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 011 price ($/MBtu) = 0.00 Coa1/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower muitiplier = 0.0
Tube bank mou multipiier = 1.0 Primary fuel is 3
Bottom ash pit multiplier - 1.0 NATURAL GAS
S0, control multiplier = 0.0 1:-#6 0il, 2-#2 0i}, 3=NG
L .MESTONE/L IME
Inert fraction = 0.05
ECONOMIC PARAME1ERS
Project life (year) = 30
Discount rate {%/year) = 10
Unif_o-m pras worth factor = 9,427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price aent 08M Fue) cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natura) gas boiler -- 0.800 3.92 0.0 599.4 1073.1 15766.4 <-- Primary fuel
#2 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired toiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2482.6 935.2 410.6 15169.4 1.039 11,406
Slagging burner refit 1 0.800 1.50 4298. 4 935.2 410.6 16985.2 0.928 11,406
Modular FBC refit i 0.7%0 1.50 4941.7 909.7 415.8 17437.0 0.904 11,551
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal/water slurry 1 0.750 3.00 2514.0 835.9 B876.0 18651.8 0.845 12,167
Coal/oil slurry 1 0.780 3.50 2068.5 742.8 982.7 18335.0 0.860 5,264
Low Bty gasifier refit 1 0.679 1.7% 4034.2 954.3  564.8 18354.1 0.859 12,909
Packaged shell stoker 1 0.760 1.78 3434.5 904.1 504.3 16711.0 0.943 11,526
Packaged shell F8C 1 0.760 1.50 4376.8 910.1 4322 17031.2 0.926 12,007
Field erected stoker 1 0.800 1.75 6247.5 897.2 479.1 19221.7 0.820 10,950
Field erected FBC 1 0. 800 1.50 6858.9 963.9 410.6 19816.6 0.796 11,406
Pulverized coal boiler 1 0.820 1.50 7271.9 998.5 400.6 20460.4 0.771 11,128
Circulating FBC 1 0.810 1.50 8147.7 951.8 405.6 20943.9 0.753 11,265
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ROBINS AFB: AFLC

1. BACKGROUND

Robins AFB 1s located near Warner Robins, Georgia. There are two
major heating plants on the base, but only the larger plant (Bldg. 177)
should be considered for conversion.

2. HEATING PLANT UNITS

Heating Plant No. 177

2 « 98 MBtu/h; Erie City (1966)

2 x 54 MBtu/hj Babcock & Wilcox (1953)
54 MBtu/hj; Wickes (1954)

5 MBtu/h; Superior (1977) (o0il only)

Heat Plant No. 644

24 MBtu/hj; Erie City (1966)
2 x 24 MBtu/h; Trane (197.)
21 MBtu/hj; Babcock & Wilcox (1955)

The B&W and Wicks units were originally designed for coal. The
coal-burning boilers were converted in 1967 to burn natural gas, with
distillate oil as backup. Heating plant No. 177 produces 125 psi steam;
boiler efficiencies range from about 69% at low loads to 78% at full

load. No coal-handling equipment remains at the site.

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 177

FY 1985
Steam Ideal
output capacity
{MBtu/h) factor
30 0.83
50 0.83
70 0.78
90 0.70
120 0.59
150 0.49
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4, ENERGY PRICES

FY 1986 Price Data

Year Average End of Year
Distillate oil = §5.50/MBtu $5.90/MBtu
Natural gas = $3.90/MBtu $3.90/MBtu
Electricity = $12.96/MBtu = 4.4¢/kWh 4.4¢/kWh

C. H. Guernsey & Co. Survey

Electricity = 4.5¢/kWh
Natural gas = $3.2/MBtu
Distillate oil = $5.43/MBtu

5. COAL CONVERSION PROJECT OUTLOOK

The most probable project would be to refit/replace one or two of
the coal-designed 54~MBtu/h boiler units in plant No. 177. The capacity
factor (based on monthly data for plant No. 177) for a project involving
an output of 108 MBtu/h steam capacity would be ~60%. Assuming ~90%
equipment availability would give an overall capacity factor of 55%. If
only a single 54~MBtu/h unit were involved in a project, an overall

capacity factor of ~72% would be expected.
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Tatle A.10. Robins AFB: 1 x 54 MBtu/h, without SJ? control
Total steam/hot water output = 54.0 MBtu/h
Boiler capacity factor : 0.720
Number of units for refit = |
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) : 10.00 R.O.M. Stoker
Electric price (cents/kwh) = 4,40 Ash fraction = 0.100 0.090
Labor rate (k}/year) = 35.00 Sulfur fraction = 0.025 0.022
timestone price ($/ton) = 20.00 HHV (Btu/)b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.90 R.0.M. coal ($/MBtu) = 1.50
#2 0i) price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i) price ($/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oi) mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod aultiplier - 0.0 Primary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
502 control multiplier - 0.0 1-#6 0i1, 2-#2 Gil, 3 NG
LIMESTORE /L IME
Inert fraction - (.05
ECONOMIC PARAMETERS
Pruject Iife (year) : 30
Qiscount rate (%/year) = 10
Uniform pres worth factor = 9.427
Fuel te Capital Life
# steam/ Fuel Invest Annual costs cycle Benef it Coal
of hot water price ment 08M fuel cost /cost use
Technology units EFF $/MBty k3 k$ k$ ks ratio ton/year
Natural gas boiler -- 0.800 3.90 0.0 629.6 1660.4 21587.0 <-- Primary fuel
#2 0i) fired boiler 0.800 0.00 0.0 0.0 0.0 0.9
#6 0ii fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit ! 0.800 1.50 2586, 3 992.3 638.6 17960.7 1.20? 17,739
S1agging burner refit 1 0.800 1.50 4485.0 992.3 638.6 19859.5 1.087 17,739
Modular FBC refit ! 0.790 1.50 5157.5 958.1 646.7 20286.0 1.064 17,964
Stoker firing refit 1 0.760 1.75 3062.4 947.7 784.3 19389.1 1.113 17,926
Lwoal/water slurry i 0.750 3.00 2325.9 879.5 1362.4 23459.6 0.920 18,322
Coal/oil slurry 1 0.780 3.50 2066.0 780.4 1528.3 23830.2 0.906 8,187
Low Btu gasifier refit ) 0.679 1.7 4218.8 1043.9 878.3 22339.6 __ 0.966 20,076
Packaged shell stoker 2 0.760 1.78 4591.5 1034.9 784.3 21740.8 0.993 17,926
Packaged shell FBC 2 0.760 1.50 5598.9 1046.1 672.2 21797.4 0.990 18,673
Field erected stoker 1 0.800 1.75 6547.1 937.8 745.0 22411.4 0.963 17,029
field erected FBC 1 0.800 1.50 /194.0 1013.8 638.6 22771.3 0.948 17.739
Pulverized coal boiler 1 0.820 1.50 7623.4 1046.4  623.0 23360.5 0.924 17,306
Circulating FBC 1 0.810 1.50 8572.2 1011.3  630.7 24051.4 0.898 17,520
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Robins AFB:
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2 x 54 MBtu/h, without

502 control

Total steam/hot water output

= 108.0 MBtu/h

Boiler capacity factor = (.550
Nuaber of units for refit = 2
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton} - 10.00 R.0.M. Stoker
Electric price (cents/kWh) = 4.40 Ash fraction = 0,100 0.090
Labor rate (k$/year} = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price {$/MBtu) = 3.90 R.0.M, coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0} price ($/MBtu) = 0.00 Coal/H_0 mix ($/MBtu) = 3.00
OPTIONS Coal/oi) aix ($/MBtu) = 3.50
Soot blower aultiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 3
Bottom ash pit aultiplier = 1.0 NATURAL GAS
SO, control multiplier = 0.0 1=#6 0il, 2=#2 0i1, 3=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9.427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler - 0. 800 3.90 0.0 801.6 2536.7 31469.4 <-- Primary fuel
#2 0il fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 2 0.800 1.50 4784.7 1337.3  975.6 26588.8 1.184 27,101
Slagging burner refit 2 0.800 1.50 8297.3 1337.3  975.6 30101.5 1.045 27,101
Modular FBC refit 2 0.790 1.50 9541.4 1281.4 988.0 30935.0 1.017 27,444
Stoker firing refit 2 0.760 1.75 5665.5 1265.4 1198,2 28889.7 1.089 27,387
Coal/water slurry 2 0.750 3.00 4303.0 1176.1 2081.4 35010.5 0.899 28,908
Coal/oil slurry 2 0.780 3.50 3822.1 1045.7 2334.9  35690.3 0.882 12,508
Low Btu gasifier refit 2 0.679 1.75 7804.7 1446.6 1341.9  34091.4 0,923 30,672
Packaged shell stoker 3 0.760 1.75 7789.4 1330.7 1198.2 31628.4 0.995 27,387
Packaged shell FBC 3 0.760 1.50 9695. 3 1347.7 1027.0 32081.6 0.981 28,528
Field erected stoker 1 0.800 1.75 10031.8 1150.5 1138.3 31607.7 0.996 26,017
Field erected FBC 1 0.800 [.s0 11106.0 1254.0 875.6 32124.6 0.980 27,101
Pulverized coal boiler ) 0.820 1.50 11718.6 1287.2 951.8 32825.6 0.959 26,440
Circulating FBC 1 0.810 1.50 13613.5 1248.8 963.6  34469.3 0.913 26,767
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Table A.12. Robins AFB: 1 x 98 MBtu/h, without SO2 control

Tota' steam/hot water output = 98.0 MBtu/h
Boiler capacity factor = 0.580
Number of units for refit = 1
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.O.M. Stoker
Electric price (cents/kwh) = 4,40 Ash fraction = 0,100 0.090
tabor rate {kb/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.90 R.0.M. coal ($/MBtu) = 1.50
#2 011 price (3/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 0i) price (3/MBtu) = 0.00 Coal/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu} = 3.50
Soot blower multiplier = 1.0
Tube bank mod . ultiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
SO2 contro!l multiphier = 0.0 1=#6 Qil1, 2:=#2 011, 3=NG
L IMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAME TERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9.427
fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price aent 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiter -- 0.800 3.90 0.0 774.5 2427.4 30184.0 <-- Primary fuel
#2 0i) fired boiter 0. 800 0.00 0.0 0.0 0.0 0.0
#6 01l fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 3847.4 1196.0 933.6 23922.9 1.262 25,933
Stagging burner refit 1 0. 800 1.50 6535, 4 1196.0 933.6 26610.9 1.134 25,933
Modular FBC refit 1 0.790 1.50 7484,5 1148.3 945.4 27221.8 1.109 2€,262
Stoker firing refit Not appliable because boiler was designed for #2 oil
Coal/water slurry 1 0.750 3.00 3957.8 1058.1 1991.7  32707.5 0.923 27,662
Coal/oil slurry 1 0.780 3.50 3332.0 935.2 2234.2 33210.0 0.909 11,969
Low Btu gasifier refit 2 0.679 1.75 7376.3 1397.4 1284,1 32654.3 0.924 29,350
Packaged shell stoker ? 0.760 1.75 6285. 6 1230.2 1146.5 28690.3 1.052 26,206
Packaged shell FBC 2 0.760 1.50 7998. 4 1246.5 982.7 29013.1 1.040 27,298
Field erected stoker 1 0.800 1.75 9444.3 1117.9 1089.2 30250.7 0.998 24,896
Field erected FBC 1 0.800 1.50 10445.0 1217.3  933.6 30721.1 0.983 25,933
Pulverized coal boiler 1 0.820 1.50 11028.1 1250.4 910.8 31401.9 0.961 25,301
Circulating FBC 1 0.810 1.50 12752.0 1213.0 922.1 32879.0 0.918 25,613
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TINKER AFB: AFLC

1. BACKGROUND

Tinker AFB is near Oklahoma City, Oklahoma. The available informa~
tion for Tinker is relatively poor, partially because it was not con-
sidered in the C. H. Guernsey & Co. survey. There are two boiler plants
at Tinker AFB that are large enough for some consideration in this
study. The heating plant in Bldg. 3001 is the largest of the these,
with an average fuel use of roughly 150 MBtu/h. The heating plant in
Bldg. 208 appears to have a year-round average fuel use of about 75
MBtu/h. Natural gas firing is used with distillate oil as the secondary

fuel. No boilers at the base were designed for coal burning.

2. HEATING PLANT UNITS

Heating Plant No. 3001

3 x 97 MBtu/h; Riley Stoker (1942)

Heating Plant No. 208

4 x 41 MBtu/hj Wickes (1942)

3. IDEAL CAPACITY FACTOR ANALYSIS

No monthly data are currently available.

4. ENERGY PRICES

FY 1986 Price Data

Electricity = $14/MBtu = 4.8¢/kWh
Natural gas = $2.85/MBtu

Gas prices declined during FY 1986 and apparently were ~$2.0/MBtu

in the latter portion of the year.

5. OTHER CONSIDERATIONS

The boilers in plant No. 3001 were scheduled for upgrading in 1982.
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6. COAL CONVERSION PROJECT OUTLOOK

Tinker AFB may be a poor candidate for coal conversion, according
to AFLC sources. Tinker does seem to be a large fuel user, however, and
it is not clear what would make it a poor candidate. Low gas prices
probably make coal unattractive at this time.

A likely project would be to refit or replace one or two of the
97-MBtu/h units in plant No. 3001. If one 97-MBtu/h unit burned coal,
an overall capacity factor of about 85% would be expected, and if two
units burned coal a 60% capacity factor might be expected.

A likely project for boiler plant No. 208 would be to refit or
replace a 41-MBtu/h boiler. An overall capacity factor near 80Z might
be expected for this scenario.

The estimates for capacity factor are based on load data from other

Air Force heating plants of similar size.
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Table A.13, Tinker AFB (Bldg. 3001): 1 x 97 MBtu/h, without SOZ control

Total steam/hot water output = 97.0 MBtu/h
Boiler capacity factor = (.850
Number of units for refit = 1

Hydrated time price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($§/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kwh) = 4,80 Ash fraction = 0,100 0Q.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 2.85 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu} = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i) price ($/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
JPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 1.0
Tube bank mod multipiier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
SO, control multiplier = 0.0 1=#6 0il, 2-#2 0il, 3=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life
# steam/ fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units £EFF __$/MBtu k$ k$ k$ k$ ratio ton/year
Natura) gas boiler -- 0.800 2.85 0.0 796.2 2573.1 31761.9 <-- Primary fuel
#2 0i1 fired boiler - 0. 800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler - 0. 800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 3825.5 1255.0 1354.2 28422.4 1.117 37,618
Slagging burner refit 1 0.800 1.50 6497.4 1255.0 1354.2 31094.3 1.021 37,618
Modular FBC refit ] 0.790 1.50 7440.9 1193.2 1371.4  31616.7 1.00S 38,094
Stoker firing refit Not applicable because boiler was designed for #2 oil
Coal/water sturry 1 0.750 3.00 3934.4 1096.4 2889.0 41504.6 0.765 40,126
Coal/oil slurry H 0.780 3.50 3311.9 966.8 3240.9 42977.4 0.739 17,362
Low Btu gasifier refit 2 0.679 1.75 7332.5 1497,0 1862.6  39003.0 0.814 42,574
Packaged shell stoker 2 0. 760 1.7% 6251.2 1266.3 1663.1 33866.4 0.938 38,014
Packaged shell F8C 2 0.760 1.50 7948.9 1291.6 1425.5 33563.3 0.946 39,598
Field erected stoker 1 0.800 1.75 9384.5 1150.2 1579.9  35121.1 0.904 36,113
Field erected FBC 1 0.800 1.50 10377.7 1261.7 1354.2 35038.3 0.906 37,618
Pulverized coal boiler 1 0.820 1.50 10957.7 1291.2 1321.2 35585.1 0.893 36,700
Circulating FBC 1 0.810 1.50 12664.4 1277.3 1337.5 37313.7 0.851 37,153
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Table A. 14, Tinker AFB (Bldg. 208): I x 41 MBtu/h, without SO2 control

Tota) steam/hot water output < 31.0 MBtu/h
Boiler capacity factor = 0.800
Number of units for refit = 1

Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {cents/kwh) = 4,80 Ash fraction = 0,100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0,025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 2.85 R.0.M. coal ($/MBtu) = 1.50
#2 0i) price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 011 price ($/MBtu) < 0.00 Coa1/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Boltlum ash git aultiplier - 1.0 NATURAL GAS
SO, control multiplier = 0.0 1-#6 0il1, 2=#2 0il, 3=NG

LIMESTONE /L IME
Inert fraction = 0.05
ECOROMIC PARAMETERS
Project life (year) - 30
Discount rate {%¥/year) = 10
Uniform pres worth factor = 9,427

Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year

Natural gas boiler -- 0.800 2.85 0.0 577.8 1023.6 15096.6 <-~ Primary fuel
#2 Qil fired boiler - 0. 800 0.00 0.0 0.0 0.0 0.0
#6 011 fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2398.0 920.7 538.7 16156.1 0.934 14,965
Slagging burner refit 1 0. 800 1.50 4016.7 920.7 538.7 17774.8 0.849 14,965
Modular FBC refit 1 0.790 1.50 4590.5 889.5 545.6 18118.2 0.833 15,154
Stoker firing refit Not applicable because existing boiler was designed for #2 oi)
Coal/water slurry 1 0.750 3.00 2413.0 814.8 1149.3 20928.2 0.721 15,963
Coal/oil slurry 1 0.780 3.50 2009.6 724.9 1289.3 20997.5 0,719 6,907
Low Btu gasifier refit 1 0.679 1.75 3596.9 963.4 741.0  19664.1 0.768 16,937
Packaged shell stoker 1 0.760 1.78 3090.1 880.0 661.6 17622.4 0.857 15,123
Packaged shell FBC 1 0.760 1.50 3882.2 890. 1 567.1 17618.6 0.857 15,753
Field erected stoker 1 0.800 1.75 5539.7 871.3 628.5 19678.5 0.767 14,366
Field erected FBC 1 0.800 1.50 6068.0 939.9 538.7 20007.0 0.755 14,965
Pulverized coal boiler 1 0.820 1.50 6440.1 971.2 525.6  20550.5 0.735 14,600
Circulating FBC 1 0.810 1.50 7151.6 939.9 §32.1 21027.5 0.718 14,780
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ARNOLD AFB: AFSC

1. BACKGROUND

Arnold AFB is located near Manchester, Tennessee. The main steam
plant (Bldg. 1411) consists of three 72-MBtu/h and one 24-MBtu/h
boilers, all of which were designed for medium volatile bituminous coal,
but now fire natural gas and distillate (No. 2) oil (secondary fuel).
Coal firing was replaced by gas and oil in 1970.

All units are Edgemoor Iron Works ... cwall sterling-type boilers,
with Edgemoor air preheaters installed on the three larger units.
Saturated steam at 200 psig is produced. According to C. H. Guernsey &
Co., the large boilers have efficiencies of 76% and the small boilers,
71%2. Peak load is reported to be 210 MBtu/h, and the average load 1is
near 70 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 1411

24 MBtu/h; Edgemoor Iron Works (1951)
3 x 72 MBtu/h; Edgemoor Iron Works (1951)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 1411

Boiler FY 1978 FYy 1979
fuel Ideal Ideal
input capacity capacity
(MBtu/h) factor factor
40 0.97 0.98
50 0.91 0.96
70 0.83 0.84
90 0.73 0.72
120 0.58 0.57

4. ENERGY PRICES

FY 1986 Price Data

Electricity = $13.0/MBtu = 4.44¢/kWh
Distillate oil = $6.88/MBtu
Natural gas = $3.81/MBtu
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C. H. Guernsey & Co. Survey

Electricity = 4.5¢/kWh
Distillate oil = $3.12/MBtu (possibly incorrect)
Natural gas = $3.97/MBtu

5. COAL CONVERSION PROJECT OUTLOOK

It would probably be most economical to convert one 72-MBtu/h unit
back to coal. This corresponds to a fuel input of ~92 MBtu/h. The
maximum possible capacity factor based on monthly FY 1978 and FY 1979
data is ~70%. With a 90% equipment availability factor, a realistic
capacity factor would be ~60%.

Some coal handling and storage equipment may still be present.

Protably only the coal silos are still useful.
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Table A.15. Arnold AFS: 1 x 72 MBtu/h, without SO2 control

Total steam/hot water output = 72.0 MBtu/h
Boiler capacity factor = Q.600
Number of units for refit = 1

Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {(cents/kwh} = 4.50 Ash fraction = 0.100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 2500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.97 R,0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i1 price ($/MBtu) = 0.00 Coal/H20 aix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multipltier = 0.0 Primary fuel is 3
Bottom ash pit multiglier = 1.0 NATURAL GAS
302 control multiplier = 0.0 1-#6 0il, 2=#2 Qil, 3:KG
LIMESTONE /L IME

“

Inert fraction = 0.05
ECONOMIC PARAMEIERS

Project life (year) = 30
Discount rate (%/year) = 10

Uniform pres worth factor = 9,427

Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year

Natural gas boiler -- 0.800 3.97 0.0 693.4 1878.0 24239.8 <-- Primary fuel
#2 0i1 fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 3018.9 1079.6 709.6 19885. 4 1.219 19,710
Slagging burner refit 1 0.800 1.50 5263.6 1079.6 709.6 22130.2 1.095 19,710
Modular FBC refit 1 0.790 1.50 6057.6 1040.9 718.5 22643. 4 1.071 19,959
Stoker firing refit Kot applicable becduse existing boiler was designed for pulverized coal
Coal/water slurry 1 0.750 3.00 2732.9 957.4 1513.7 26027.8 0.931 21,024
Coal/oi) slurry 1 0.780 3.50 2439.0 848.5 1698.1 26445.6 0.917 9,097
Low Btu gasifier refit 2 0.679 1.75 6175.2 1244.2 975.9 27104.4 0.894 22,307
Packaged shell stoker 2 0.760 1.75 5§337.2 1120.9 871.4 24118.6 1.005 19,917
Packaged shell FBC 2 0.760 1.50 6643.1 1133.6 746.9 24370.0 0.995 20,747
Field erected stoker 1 0.800 1.75 7807.4 1017.2 827.8 25200.0 0.962 18,922
Field erected FBC 1 0. 800 1.50 8606,1 1102.6 709.6 25689. 6 0.944 19,71
Pulverized coal boiler 1 0.820 1.50 9104.1 1135.8  692.3 26337.2 0.920 19.229
Circulating FBC ] 0.810 1.50 10375.0 1097.7 700.8 27328.8 0.887 19,467
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HANSCOM AFB: AFSC

1. BACKGROUND

Hanscom AFB is located near Boston in Bedford, Massachusetts.
There is a central heating plant (Bldg. 1201) with four boilers, each
with a capacity near 50 MBtu/h. All boilers were designed for residual
{No. 6) o0il combustion and are two~drum, sterling water—tube boilers.
The primary fuel is No. 6 o0il, with natural gas as the secondary fuel.
The steam plant produces 100 psig saturated steam at a yearly average

output of 85 to 100 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 1201

3 x 51.3 MBtu/h; Erie City Iron Works (1953)
49.4 MBtu/h; E. Keeler Co. (1961)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 1201

Boiler FY 1978 FY 1979
fuel Ideal Ideal
input capacity capacity
(MBtu/h) factor factor
60 0.99 0.96
70 0.95 0.92
80 0.91 0.88
90 0.87 0.84
100 0.82 0.80
120 0.71 0.71
150 0.57 0.58

4. ENERGY PRICES

FY 1986 Price Data

Electricity = 6.8¢/kWh
Natural gas = $2.4—$3.9/MBtu
Residual oil = $5.13/MBtu
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C. H. Guernsey & Co. Survey

Electricity = 6.07¢/kWh
Natural gas = $6.2/MBtu (incorrect value)
Residual oil = $4,67/MBtu

1]

5. OTHER CONSIDERATIONS

In 1980, the planned retirement date for these units was 1985, and
the condition of the plant was described as poor. According to the
C. H. Guernsey & Co. survey, the same boilers are still intact, but an
upgrade of the plant is in progress.

There are discrepancies in the fuel prices and which fuel is used
for the boilers. 1t appears that gas is burned when available and costs
$2.4—$3.9/MBtu. According to the DEIS data, the gas supply seems to be
interruptible and becomes unavailable in the winter months. The price
of gas reported in the C. H. Guernsey & Co. survey appears to be 1in-

accurate.

6. COAL CONVERSION PROJECT OUTLOOK

Hanscom AFB has a large fuel-using central heating plant and may be
an economical site for coal use. A more accurate price of gas and coal
for this base must be determined.

A conceivable conversion project would involve conversion or re-
placement of one or two units. If coal-firing output capacity of
100 MBtu/h (roughly 125 MBtu/h fuel input) were installed, an overall
capacity of about 60% would be expected, assuming a 90% equipment avail-
ability. Similarly, for 50-MBtu/h output capacity of coal-based steam

generation, an overall capacity factor of ~35% would be expected.




Table A, 16. tanscom AFB: 1 x 50 MBtu/h, without SOZ control
Total steam/not water sutput = 50.0 MBtu/h
Boiler capacity factor = 0.850
Number of units for refit : |
Hydratea 'ime prace(siten) - 40,00 COAL PROPERTIES
Asn 11sposat price ($/ton} ¢ 140G R.0.M, Stoker
ttectric price icents/kwh) - 6.5/ Ash fraction = 0.100 0.090
Latur rate (k$/yeard - S0 Sulfur fraction - 0.025 0.022
Limestone price {$/ton) - 20.00 HHV (Btu/1b) = 12000 12500
FuCL PRICES FUEL PRICES
Natural gas price (8/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 01} prace ($/MBtu} : 0.00 Stoker coal ($/MBtu) = 1.75
#u Q11 price (§/MBtu) = 3.67 Coa'/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oi) myx ($/MBtyu) = 3.50
Soot blower multiplier - 0.0
Tube bank mod mylitiplier = 1.0 Primary fuel is 1
Bottom ash pat multapiier = 1.0 #6 FUEL CIL
0. control multaplier = 0.0 1=96 011, 2:=#2 0i1, 3-NG
L IMESTUNE /L Imt
Inert fractton - 0.05
tLUNOM LD CARAME FERS
Project 1ife (year) - 30
Tiscount rate (¥/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital tife
" steam/ Fuel Invest- Annual costs cycls Benefit Coal
of hot water price ment 0&M Fuel cost /cost use
___lechnology  units  EFF $/MBtu k$ k$ kS k$ ratio ton/year
Natural gas borler 0. 800 0.00 0.0 0.0 9.0 0.0
#2 01 fired boiler 0.800 0.00 0.0 0.0 G2 0.0
#5 U1 r1-eg borler 0.800 3.67 0.0 633.1 1707.9 22069.0  <-- Primary fuel
Micronized codl refit ! 0.800 1.50 2482.6 1011.7  698.1 16539.9 1. 187 19,391
51agging turner refit 1 0.300 1.50 4298.4 1011.7  698.1 20415.7 1.081 19,391
Mogular FBe refat 1 0.790 1.50 494 965.4 706.9 20744.4 1.064 19,636
Ltoker faring refit Not dpplicable because existing Lo er was designed for #6 oil
nal/water siurry 1 0.750 3.00 2514, 0 887.5 1489.2 24918.8 0. 886 20,683
codl/ovt slury ! 0.780 3.50 2068.5 789.6 1670.6 25260.5 0.874 8,950
tow Bty gasifier refit 1 0.679 175  5034.2 1099.7 960.1  23452.0  0.941 21,945
Packaged >hell stoker 1 0.760 1.75 3434.5 954, 4 8573 20513.2 1.076 19,595
Packaged shell FBL ! 0.760 1.50 4376.8 970.2 734.8 20449.9 1.079 20,411
Freld erected stoker 1 0.800 1.75 6247.5 941.8 814.4 22803.4 0.968 18,615
breld erected FBL ! 0.800 1.50 6858.9 1036  698.1 23088.7 0.956 19,391
Pulverized coal to:ler 1 .. 820 1.50 7271.5  1252.9  681.0 23617.2 0.934 18.918
vroutattag FBO 1 0.810 1.50 8147,7 10335 6894 24387.7 0.905 18,151




KEESLER AFB: ATC

1. BACKGROUND

Keesler AFB 1is located in Biloxi, Mississippi. Two steam plants
could be examined tor coal use, one of which serves a hospital. Accord-
ing to the C. H. GCuernsey & Co. survey, each of these steam plants has
an average fuel consumption rate of 34 MBtu/h (300,000 MBtu/year).
According to the DEIS information for FY 1986, significantly less fuel
is actually consumed by these boiler plants. All boilers were appar-

ently designed for distilliate oil firing.

2. HEATING PLANT UNITS

Heating plant No. 4101

3 x 17 MBtu/h; Nebraska Boiler water-tube units (1984)

Hospital boiler plant

17 MBtu/h; Keeler water-tube units {1941)

3 %
2 x 17 MBtu/h; Superior Iron Works fire-tube boilers (1978)

3. IDEAL CAPACITY FACTOR ANALYSIS

No data were avesilable.

4. ENERGCY PRICES

FY 1986 Price Data

Electricity = $14.0/MBtu = 4.1¢/kWh
Distillate oil = none purchased
Natural gas = $3.60/MBtu

C. H. Guernsey & Co. Survey

Electricity = 4.5¢/kWh
Distillate oil = $5.43/MBtu
Natural gas = $3.63/MBtu

5. COAL CONVERSION PROJECT OUTLOOK

It appears that the fuel use reported by the C. tH. Guernsey & Co.

survey 1s greater than the actual fuel consumption. Because this is the
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only load information available to date, it will be used for a prelimi-
nary analysis.

Capacity tactor values can only be presumed. If a project involved
replacement or refit of a single 17 MBtu/h unit, the expected overall

load factor would be about 83%. For a project involving two of these

units, an overall load factor of 65% might be obtainable.
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Table A. 17, Keesler AFR: 1 x 17 MBtu/b, without SOZ control

Tota) steam/hot water output = 1L/7.0 MBtu/h

. Boiler capacity factor = 0.830
Number of units for refit = 1
Hydrated lime price({$/ton) = 10.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {cents/kwh) = 4.50 Asth fraction = 0.100 0.090
Labor rate (k¥/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.60 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal! ($/MBtu) = 1.75
#6 0i) price ($/MBtu) = 0.00 Coal/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Scot blower multiplier = 1.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
502 control multaplier = 0.0 1-#6 0i1, 2:-#2 Qil, 3:NG
L IMESTONE /1 [ME
[nert fraction = 0.05

ECONOMIC PARAMETERS
Project life (year}) = 30

Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
fuel to Capital Life
' # steam/ Fuel Invesc- Annual costs cycle Benefit Coal
of hot water price ment 0% Fuel cost /cost use
Technology units EFF __$/MBtu k$ k$ k$ k$ ratio ton/year
) Natural gas boiler - 0.800 3.60 0.0 434.0 556.2 9334.3 <-- Primary fuel
#2 011 fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 1520.5 707.1  231..8 10370.7 0.900 6,438
Stagging burner refit 1 0.800 1.50 2497.0 707.1  231.8 11347.3 0.823 6,438
Modular FBC refit 1 0.790 1.50 2843.2 687.7 234.7 116538.5 0.809 6,519
Stoker firing refit Not applicable because existing boiler was designed - i
Coal/water slurry 1 0.750 3.00 1488.7 627.2 J62. 1 0.774 6,867
Coal/orl slurry 1 0.780 3.50 1227.9 562.4 554.6 11757.6 0.794 2,971
Low Btu gasifier refit 1 0.679 1.75 2185.7 708.9 318.8 11873.5 0.786 7,286
Packaged shell stoker 1 0.760 1.75 1956. 4 683.8 28B4.6 11085.9 0.842 6,505
Packaged shell 3¢ 1 0.760 1.50 2309.5 688.0 ¢da.0 11094.6 0. 841 6,777
field erected stoker 1 0. 800 1.75 3279.1 679.7 270.4 12236.0 0.763 6.180
Field erected FBC 1 0.800 1.50 3554.7 7245 231.8 12569. 3 0.743 6.438
Pulverized coal borter 1 0.820 1.50 3788.8 753.5  226.1 13023.7 0.717 6,281
Lirculating FBC 1 0.810 1.50 4050.9 722.6  228.9 13020.3 0.717 6,358
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LOWRY AFB: ATC

1. BACKGROUND

Lowry AFB is located near Denver, Colorado, in an area with strict
environmental regulations. The boiler plant uses a relatively small
amount of fuel, and the chances for an economical use of coal are mini-
mal. All boilers were originally designed to burn subbituminous stoker
coal but were subsequently modified for gas and distillate oil firing.

The boilers are of four-drum sterling, water—tube design.

2. HEATING PLANT UNITS

Heating Plant No. 361

80.6 MBtu/hj Wickes (1940)
75.6 MBtu/h; Wickes (1941)
2 x 37.8 MBtu/h; Wickes (1940)

3. IDEAL CAPACITY FACTOR ANALYSIS

No data were available.

4. ENERGY PRICES

FY 1986 Price Data

Electricity = §14.5/MBtu = 5.0¢/kWh
Distillate oil = $7.44/MBtu
Natural gas = $3.23/MBtu

C. H. Guernsey & Co. Survey

Electricity = 4.3¢/kWh
Distillate oil = $6.81/MBtu
Natural gas = $3.42/MBtu

5. COAL CONVERSION PROJECT OUTLOOK

The fuel use for this boiler plant appears to be in the range of
22,7 to 30.7 MBtu/h. The capacity factor can only be estimated based on
analysis of other similar boiler plants. If a project involved conver-
sion or replacement of a 37.8-MBtu/h unit, an overall capacity factor

near 50% might be attained.
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Table A.18. Lowry AFB: [ x 38 MBtu/h, without SOZ control
fotal steam/hot water output = 38.0 MBtu/h
Boiler capacity factor = (.500
Nunber of units for refit = 1
Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kwh) = 4,30 Ash fraction = 0.100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHY (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.42 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 0il price ($/MBtu)} = 0.00 Coal/HZO mix ($/MBtu) - 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 3
Bottoa ash pit multiplier = 1.0 NATURAL GAS
SO_ control multiplier = 0.0 1=#6 0il, 2=#2 0i), 3:-NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (x/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life
¥ steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0.800 3.42 0.0 552.2 711.5 11913.1 <-- Primary fuel
#2 Qil fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0. 800 1.50 2148.7 870.9 312.1 13300.9 0.896 8,669
Slagging burner refit 1 0.800 1.50 3697.8 870.9 3l2.1 14850. 1 0. 802 8,669
Modular FBC refit N 0.790 1.50 4247.0 847.5 316.0 15215.1 0.783 8,778
Stoker firing refit 1 0.760 1.75 2552.2 84z2.4 383.3 14106.7 0.844 8,760
Coal/water slurry 1 0.750 3.00 1915.9 777.2  665.8 15518, 3 0.768 9,247
Coal/oil slurry 1 0.780 3.50 1692.0 693.1 746.8 15266, 3 0.780 4,001
Low Btu go fier refit 1 0.679 1.75 3443.1 889.8 429.2 15877.6 0.750 9,811
Packaged shell stoker 1 0.760 1.75 2968. 4 842.4 383.3 14522.9 0.820 8,760
Packaged shell FBC 1 0.760 1.50 3709.0 847.8 328.5 14797.9 0.805 9,125
Field erected stoker 1 0.800 1.75 5291.4 836.2 364.1 16606. 3 0.717 8,322
Field erected FBC 1 0.800 1.50 5791.0 896.6 312.1 17185.3 0.693 8,669
Pulverized coal boiler 1 0.820 1.50 6148.7 929.4 304.5 17780.6 0.670 8,457
Circulating FBC i 0.810 1.50 6804.7 887.6 308.2 18077.4 0.659 8,562
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MAXWELL AFB: ATC

1. BACKGROUND

Maxwell AFB i1s located just outside of Montgomery, Alabama. The
base has one major heating plant (Bldg. 1410) that consists of five
boilers. Natural gas is the primary fuel, and No. 5 fuel oil (146,000
MBtu/gal) is the backup fuel. No boilers were designed for coal burn-
ing, and it is assumed they were designed for firing No. 5 oil. Satu-
rated steam at 150 psig is produced. The year-round average steam load
was reported to be ~41 and 35 Mstu/h from FY 1978 and FY 1979 data,

respectively, and 47 MBtu/h in the recent C. H. Guernsey & Co. survey.

2. HEATING PLANT UNITS

Heating Plant No. 1410

3 x 22 MBtu/h; Combusticn Engineering Co. (1954)
22 MBtu/hj Babcock and Wilcox Co. (1956)
22 MBtu/hj E. Keeler Co. (1973)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 1410

FY 1978 FY 1979
Fuel Ideal Ideal
input capacity capacity
(MBtu/h) factor factor
30 0.97 0.96
40 0.86 0.85
50 0.71 0.71
60 0.61 0.60
70 0.53 0.51

4. ENERCY PRICES

FY 1984 Price Data

Electricity = 5.1¢/kWh, 4.4¢/kWh at end of year
Natural gas $4.93/4Btu
No. 5 o1l = unknown

1}
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C. H. Guernsey & Co. Survey

Electricity = 5.42¢/kWh
Natural gas = $3.40/MBtu
No. 5 oil = $5.13/iBtu

5. OTHER CONSIDERATIONS

Number 5 oil is a grade of residual oil that is lighter and usually

has less ash and sulfur than No. 6 grade.

6. COAL CONVERSION PROJECT OUTLOOK

A conceivable project would involve refit/replacement of one or two
of the existing boilers. However, the attractiveness of a refit project
is reduced because of the relatively small boiler capacities and the
fact chat the boilers were not designed to burn coal. A coal project
that refit or replaced two 22-MBtu/h units would have an estimated
ove-all capacity factor of ~58%. If the project involved only one

boiler, the estimated overall capacity factor could be as high as 86%.




Tabie A.19,
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Maxwell AFB: 1 x 22 MBtu/h, without SOZ control

Total steam/hot water output = 22.0 MBtu/h
Boiler capacity factor = (.860
Number of units for refit = 1
Hydrated )ime price($/ton) = 40.70 COAL PROPERTIES
Ash dicposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price {cents/kWh) : 5,42 Ash fraction = 0.100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction = 0.025 0.022
| ime<tane price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price {$/MBtu) = 3.40 R.0.M. coal ($/MBtu) = 1.50
#2 il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 011 price ($/MBtu) = 0.00 Coal/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3,50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 1.0 Primary fue! i< ?
Bottom ash pit multiplier = 1.0 NATURAL GAS
SO control multiplier = 0.0 1:#6 0il, 2-=#2 0il, 3=NG
L IMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMEIERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9. 427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k§ k$ k$ k$ ratio ton/year
Natural gas boiler - 0.800 3.40 0.0 474.4 704.4 11112.3  <-- Primary fuel
#2 01} fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 1622.2 769.6  310.8 118¢7.1 0.941 8.632
$1agging burner refit 1 0. 800 1.50 2753.6 768.6  310.8 12938.5 0.859 8,632
Modular FBC refit ) 0.790 1.50 3154.9 745.9  314.7 13153.2 0.845 8,742
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal/water slurry 1 0.750 3.00 1600. 3 680.8 663.0 14268.1 0.779 9,208
Coal/oil slurry 1 0. 780 3.50 1304.3 609.4 743.7 14060. 2 0,790 3,984
Low Btu sifier refit 1 0.679 1.75 2524.3 788.3  427.4 13984.8 0,795 9,769
Packaged shell stoker 1 0.760 1.75 2232.4 739.9 381.6 12804.6 0.868 8,723
Packaged shell FBC 1 0.760 1.50 2683.2 746.3  327.1 12801.9 0.868 9,087
Field erected stoker 1 0.800 1,75 3817.5 7341 362.6 14155.7 0.785 8,287
Field erected FBC 1 0.800 1.50 4151.1 786.3  310.8 14492.8 0.767 8,632
Pulverized coal boiler 1 0.820 1.50 4419.5 815.5 303.2 14965.7 0.743 8,422
1 0.810 1.50 4776.1 786.8  306.9 15086. 4 0.737 8,526

Circulating FBC
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ANDREWS AFB: MAC

1. BACKGROUND

Andrews AFB 1is located near Washington, D.C. There are three
central steam plants on the base, all of which were upgraded in some
manner in 1985. Two of these plants, Bldgs. 1515 and 1732, are con-
nected and are large enough to be considered for coal conversion. Each
steam plant consists of water-tube boilers that produce saturated steam
at 100 psig.

The boilers at Andrews built before 1965 were designed for bitumi-
nous coal. Three units installed in 1965 or later are designed for
oil. All the boilers presently burn residual oil (No. 6) as the primary
fuel, and there 1is apparently no secondary fuel. Some coal storage

silos and receiving hoppers are still on-site.

2. HEATING PLANT UNITS

Heating Plant No. 1515

2 x 59.8 MBtu/h; Bigelow (1958)
2 - 29.9 MBtu/h; Union Iron Works (1946)
15.9 MBtu/h; Union Iron Works (1946)

Heating Plant No. 1732

2 x 33.5 MBtu/h; Keeler Co. (1961)
33.5 MBtu/h; Keeler Co. (1965)

Heating Plant No. 3409

2 x 16 MBtu/h; Keeler Co. (1971)
3 x 15 MBtu/h; Keeler Co. (1960)

3. IDEAL CAPACITY FACTCR ANALYSIS

Maximum possible load factors as a function of project size are
given below. Load information was calculated for the combined load of

plant Nos. 1515 and 1732.




82
Plant Nos. 1515 and 1732
(combined) i
FY 1985
Fuel Ideal
input capacity
(MBtu/h) factor
30 0.92
50 0.76
70 0.67
90 0.60
120 0.51
4, ENERGY PRICES
FY 1986 Price Data
Year Average End of Year
Electricity = 5.4¢/kWh
Residual oil = $3.8/MBtu $2.6/MBtu
Distillate oil = $5.9/MBtu $3.3/MBtu

C. H. Guernsey & Co. Survey

Electricity = 5.0¢/kWh
Residual oil = $4.67/MBtu
Distillate oil = $5.56/MBtu

5. OTHER CONSIDERATIONS

Andrews apparently uses a lot of electricity:! 100,235 Mwh in
FY 1986, an average of ~11.4 MW. Residual o0il use in FY 1986 was about
568,000 MBtu, an average of ~65 MBtu/h. The highest monthly steam load
is ~150 MBtu/h.

A previous study by Roy F. Weston examined connecting boiler plant
No. 3409 to the other plants and subsequently building a single coal-
fired plant at a cost of $75 million. Andrews has also been the subject

of a coal/oil mixture firing study.

6. COAL CONVERSION PROJECT OUTLOOK

Because load factors are low, only conversion of one 60-MBtu/h
boiler wruld probably be considered. The overall load factor for this
size project is expected to be about 58%, assuming a 90% equipment
availability and the plants are interconnected. If a 30-MBtu/h unit

were considered, the load factor might be ~75%.

_
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Table A.20. Andrews AFB (Bldgs. 1515 & 1732): 1 x 33.5 M8tu/h, without SO2 control

Total stecam/hot water cutput = 33.5 MBtu/h
Boiler capacity factor = 0.750
Nuaber of units for refit = 1
Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) - 10.00 R.0.N, Stoker
Electric price {cents/kkh) = 5.00 Ash fraction = 0.10C 0.090
Labor rate (k$/year) - 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/M8tu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 071 price ($/MBtu) = 3.67 Coal/H20 aix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower aultiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel 15 |
Bottom ash pit multiplier = 1.0 #6 FUEL OIL
SO, control multiplier = 0.0 1=#6 Qi), 2:=#42 0il, 3:=NG
LIMESTONE/L IME
Inert fraction - 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate {%/year) = 10
Uniform pres wor'h factor = 9,427
Fuel to Capita!l Life
¥ steam/ Fuel Invest - Annual costs cycle Benefit Coal
of hot water price ment 08 Fuel cost Jcost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler 0.800 roe 0.0 0.0 0.0 0.0
#2 Gil fired boiler 0.800 0.uy 0.0 0.0 0.0 0.¢
#6 0il fired boiler 0.800 3.67 0.0 539.6 1009.7 14605.1 <-- Primary fuel
Micronized coal refit 1 0.800 1.50 2012.3 862.9 412.7 14037.2 1.040 11,463
Slagging burner refit 1 0.800 1.50 3452.8 862.9 412.7 15477.7 0.944 11,463
Modular FBC refit 1 0.790 1.50 3963.6 835.7  417.9 15780.8 0.925 11,608
Stoker firing refit 1 0.760 1.75 2392.7 828.1 506.8 14977.0 0.975 11,584
Coal/water slurry 1 0.750 3.00 1788.5 764.8 B80.4 17297.5 0.844 12,228
Coal/oil slurry 1 0.780 3.5%0 1576.3 682.2 987.6 17317.2 0.843 5,291
Low Btu gasifier refit 1 0.679 1.75 3203.3 894.0 567.6 16981.9 0.860 12,973
Packaged shell stoker 1 0.760 1.75 2711.9 828.1 506.8 15362.2 0.951 11,584
Packaged shell FBC 1 0.760 1.50 3439.8 836.1 434.4 15416.8 0.947 12,067
Field erected stoker ) 0.800 1.75 4905. 1 820.9 481.5 17181.9 0.850 11,00
Field erected FBC 1 0. 800 1.5%0 5360. 4 882.6 412.7 17570.§ 0.831 11,463
Pulverized coal boiler 1 0.820 1.50 5695.3 913.5 402.6 18102.6 0.807 11,184
Circulating FBC 1 0.810 1.50 6267.7 881.1 407.6 18415.9 0.793 11,322
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Table A.21. Andrews AFB (Bidgs. 1515 & 1732): 1 x 60 MBtu/h, without SO2 control

Total steam/hot wdter output - 60.0 MBtush
Boiler capacity factor = (.580
Number of units for refit = 1

Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.O.M, Stoker
Electric price {cents/kWh) = 5.00 Ash fraction = (.100 0.090
tabor rate (kb/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ten) - 20.00 HHV (Btu/ib) - 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 011 price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i) price ($/MBtu) = 3.67 Coal/Hzo mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multaiplier = 0.0 Primary fuel is 1
Z-tium ash pit muitiplier = 1.0 #6 FUEL OIL
SO controt muitypiier = 0.0 1=#6 Qil, 2=#42 0il, 3:NG

LIMESTONE /L [ME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (¥/year) = 10
Jniform pres worth factor = 9,427

Fuel to Capita) Life
¥ steam/ Fuel Invest-  Annual costs cycle Benef it Coal
of hot water price ment 08M fuel cost /cost use
Technology units EFF $/MBtu k$ k$ 39 [3) ratio ton/year
Natural gas boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#2 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler 0. 800 3.67 0.0 653.4 1398.5 19342,7 <-- Primary fuel
Micronized coail refit 1 0. 800 1.50 2736.2 1022.6 571.6 17764.9 1.089 15,878
$13gqing burner refit 1 0. 800 1.50 4754.8 1022.6 571.6 19783.5 0.978 15,878
Modular FBC refit )| 0.790 1.50 5469.4 987.4 678.8 20234.3 0.956 16,078
Stoker firing refit 1 0.760 1.75 3236.6 977.0 702.0  19063.9 1.015 16,045
Coal/water slurry 1 0.750 3.00 2466.8 907.2 1219.4 22513.6 0.859 16,936
Coal/or sturry 1 0.780 3.50 2194.9 806.2 1367.9 22689.9 0.852 7,328
tow Btu gasifier refit 2 0.679 1.75 65564.8 1177.3 786.2 24074.4 0.803 17,969
Packaged shell stoker 2 0.760 1.75 4850.6  1065.9 702.0  21516.3 0.899 16,045
Packajed shell FBC 2 0.760 1.50 59589.3 1077.0 601.7 21783.9 n, 888 16,713
Field erected stoker 1 0.800 1.75 6981.9 966. 2 666.9 22376.9 0.864 15,242
Field erected FBC i 0.800 1.50 7680.8 1045.3 571.6  22923.0 0.844 15,878
Pulverized coal boiler 1 0.820 1.50 8134.2 1077.8 557.6  23551.3 0.821 15,490
Circulating FBC 1 0.810 1.50 9191.2 1040.7 564.5 24324.0 0.795 15,681
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CHARLESTON AFB: MAC

BACKGROUND

Charleston AFB is located in North Charlesten, South Carolina. The

amount of fuel used by the central heat plant (Bldg. 431) is relatively

small and is shut down 5 to 7 months each year. The boiler plant has

four

50-MBtu/h boilers, three of which originally burned bituminous

stoker coal. These boilers were converted to residual oil firing in

1971.

2.

HEATING PLANT UNITS

Heating Plant No. 431

3 x 50.3 MBtu/h; Combustion Engineering Inc. (1952)
50.3 MBtu/hj; E. Keeler Co. (1972)

IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 431

FY 1978 FY 1979 FY 1985
Fuel Ideal Ideal Ideal
input capacity capacity capacity
(MBtu/h) factor factor factor
20 0.55 0.49 0.42
30 0.53 0.47 0.41
40 0.50 0.45 0.38
50 0.47 0.42 0.35
60 0.45 0.40 0.32
70 0.42 0.37 0.29

ENERGY PRICES

FY 1986 Price Data

Electricity = 4.5¢/kWh
Distillate oil = $5.48/MBtu
Residual oil = $4.67/MBtu

C. H. Guernsey & Co. Survey

Electricity = 4.8¢/kWh
(no other data available)
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5. COAL CONVERSION PROJECT OUTLCOK

Becatse relatively little fuel is used at this plant and low load
tactors exist, 1t 1s doubtful that coal will be an economical ftuel at
this base. The steam plant is shut down for 5-7 months ot the year,
which makes the capacity factor quite low. A project involving install-
ing 50 MBtu/h of coal-fired steam output capacity would have an expected
overall capacity factor of 30—40%. Even a 20-MBtu/h boiler would only

have a capacity factor of about 45%.
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Low Btu gasifier refit 1 0.679 1.7% 4034.2 964.0 3953 16848 ¢ 0.730 9,036
Packdged shell stoker 1 0.760 1.7% 1434.5 905. 1 353.0 152945 0.804 8.068
Packaged shell F8C 1 0.760 1.5 4176.8 910.2 302.6 15809.6 0.778 8,40%
Field erected stoker i 0.800 1.75 6247.5 897.9 335.31 178731 0.688 7,665
Field erected FBC 1 G. 600 1.50 68%8.9 9642 287.4  18657.9 0.659 7,984
Pulverized coal borler 1 0.820 1.50 215 998.3 280.4  1932%.9 0.636 7.790
Lirculating FBC 1 0.810 1.50 Braz2.7 9%.7¢ 283.9 19781.7 0.627 7.886
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DOVER AFB: MAC

1. BACKGROUND

Dover AFB is located near Dover, Delaware. The four central heat-
ing plant boilers in Bldg. 617 are high-temperature, hot-water (414°F,
275 psi) units. All boilers burn No. 6 oil. The three Combustion
Engineering units were designed for coal. In CY 1985 the average heat
output was reported to be 35.5 MBtu/h; the January 1985 average output
was 76.6 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 617

3 x 50 MBtu/h; Combustion Engineering (1953)
50 MBtu/h; IBW Lamont (1972)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 617

FY 1985
Fuel Ideal
input capacity
(MBtu/h) factor
30 0.94
40 0.84
50 0.76
60 0.70
70 0.63
80 0.58

4. ENERGY PRICES

FY 1986 Price Data

Electricity = $16.5/MBtu = 5.6¢/kwWh
Distillate oil = $5.87/MBtu
Residual oil = $5.00/MBtu

C. H. Guernsey & Co. Survey

Electricity = 6.6¢/kWh
Residual oil = $4.67/MBtu
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5. OTHER CONS!DERAT!IONS

Dover was the site tor a recent coal/oi! mixture demonstration
project. Fuel was supplied by Coaliquids, Inc. About §4 million was
spent several years ago Lo alter one boitler and (Lo add peripheral equip-
ment. The altered boiler may be quite i1deal tur demonstration of coal/

water slurry tiring or other coal technologies.

6. COAL CONVERSION PROJECT OUTLOOK

Conversion ot one or two uniltls may be a possibility, based on Lhe
load data. It one 50-MBtu/h unit was converted to coal, the maximum
capacity tactor would be about 68%. Assuming 652 as a realistic capac-
ity factor and a 907 equipment availability, an overall load tactor of

about 59% is obtained.
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Dover AFB: | x 50 MBtu/h, without SO2 control

Tntal steam/hot water output =
Botler capacity factor =
Number of units for refit -
Hydrated lime price($/ton) =

50.0 MBtu/h

0.590
1
40.00

COAL PROPERTIES

Ash disposal price {$/ton) - 10.00 R.0.M. Stoker
Electric price (cents/kwh) - 6.60 Ash fraction = 0.100 0.090
Labor rate (k§/year) : 35.00 Sulfur fraction = 0.025 0.022
Limestone price {$/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price (3/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 011 price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i) price ($/MBtu) : 3,67 Coal/H 0 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix {$/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 1
Bottom ash pit multiplier - 1.0 #6 FUEL OIL
SO, control multiplier = 0.0 1=#6 0i), 2-=#2 011, 3=NG
L IMESTONE /L TME
Inert fraction - 0.05
ECONOM1L PARAME [ERS
"rljell Vite (year) 30
Oiscount rate fLiyear) - 10
Uniform pres wory - factor - 9,427
fuel to Capital Life
[ stean/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water  price ment 08M Fuel cost Jcost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler - 0.800 0.00 0.0 0.0 0.0 0.0
#2 0)) fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 3.67 0.0 625.4 1185.5 17070.9  <-- Primary fuel
Micronized coal refit 1 0.800 1.50 2482.6 988.6 484.5 16369.6 1.043 13,459
Slagging burner refit 1 0.800 1.50 4298. 4 988. 6 484.5 18185.4 0.939 13,459
Modular FBC refit 1 0.790 1.50 4941,7 952, 6 490.7 18547.0 0.920 13,630
Stoker firing refit i 0.760 1.75 2941,7 941, 4 595.0 17425.3 0.980 13,601
Coal/water slurry 1 0.750 3.00 2228.6 873.5 1033.7 20207.2 0.845 14,357
Coal/oil slurry 1 0.780 3.50 1977.0 779.2 1159.6 20253.7 0.843 6,212
Low Btu qasifier refit 1 0.679 1.75 4034.2 1069.2 666.4 20396.1 0.837 15,233
Packaged shell stoker i 0.760 1.75 3434,5 941.4 595.0 17918.1 0,953 13,601
Packaged shel) FBC 1 0.760 1.50 4376.8 953.1 §10.0 18169.8 0.940 14,168
Field erected stoker 1 0.800 1.75 6247.5 930.0 565.3 20343.4 0.839 12,921
Field erected FBC 1 0.800 1.50 6858.9 1006.8 484.5 20917.5 0.816 13,459
Pulverized coal boiler 1 0.820 1.50 7271.5  1037.1 472.7 21504.3 0.794 13,131
Circulating FBC 1 0.810 1.50 8147.7 1007.4 478.6  22155.6 0.771 13,293
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McCHORD AFB: MAC

1. BACKCROUND

McChord AFB is located near Tacoma, Washington. The central boiler
plant (Bidg. 734) consists of three boilers that were designed for
subbituminous coal but were converted to gas and oil n 1972, The

primary fuel is natural gas, with No. 2 o1l being the backup fuel.

2., HEATING PLANT UNITS

Heating Plant No. 734

34.4 MBtu/h; Erie City lron Works (1955)
34.4 MBtu/h; Erie City Iron Works (1939)
17.2 MBtu/h; Erie City Iron Works (1939)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 734

FY 1985
Steam Ideal
output capacity
(MBtu/h) factor
20 0.94
30 0.82
40 0.72
50 0.62
60 0.51

4. ENERGY PRICES

FY 1986 Price Data

Electricity = 1.45¢/kWh
Natural gas = $3.95/MBtu
Distillate oil = $5.93/MBtu

C. H. Guernsey & Co. Survey

Electricity = 1.64¢/kWh
Natural gas = $2.90/MBtu
Distillate oil = §4.33/MBtu
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5. COAL CONVERSION PROJECT OUTLOOK

Low steam loads (averaging about 30 MBtu/h) are a drawback to coal
utilization. Conversion of a single 34.4-MBtu/h unit may be the most
economical option. The average fuel use in CY 1985 was 39 MBtu/h, which
corresponds to an average steam load of 30 MBtu/h.

The theoretical maximum capacity factor based on monthly steam data
would be about 78% for a 34.4-MBtu/h unit. In actual practice this
would be lower. Assuming a 902 equipment availability, an overall

capacity factor of about 68% is estimated to be a realistic value.
P y
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McChurd AFB: 1 & 34 MBRu/n, wilhout B0 cuntrog

ictal steam/hot water output 34U MBtu/h
Boiler capacity factor - U. 080
Number of units for refit !
Hydrated lime price($/ton) - . X COA, FRUPLRYIES
Ash 2isposal price {$/ton)  10.00 oM Ltoaer
tlectric price (cents/xwh) 1.b4 Ash trgction - U 100 Lo
Labor rate (k$/year) 35,7 Sutfur fractyon - U OIS G Uy
Limestone price {3/tun) - v .00 v (Btu/1D) - 106 1A
FUEL PRICES Futl PRICES
Natura) gas price (3/MBtu) - .90 R.G.M. coal ($3/mMBLy) - 1. %
#2 Qi1 price ($/mMBtu) : 0.00 Stoker cosl ($/m8ty) - 1 7%
#6 011 praice (d/MBtu) - 0.00 Coal/H20 o (I/M8ty) - ) 0
OPTIONS Coal/onl mra ($/MBty) - 3.5
Soot blower multiplier (.C
Tube bank mod multplier - 3.4 Primary tuel 1y ¢
Bottcm ash pit multiplier 1.0 MATURAL LAS
502 control multripiter : 0.9 L ab 0V, 2 0 00l 5w
LIMESTOME /L It
Inert fractien  0.0S
ECONOMI_ PARAME LERS
Project 1ife (year) 20
Discount rate (%/yedr) - 10
Uniform pres worth factor - 9,427
Fuel to Capitatl tite
. steam/ Fuel Invest Anmual costy cycle Benet 1t Codl
of hot water  price ment Obs Fuet cost /cost vse
Technoltogy units EFF $/MBtu  x§  hy  k§ oy ratio  ton/year
Natural gas boiter 0. 800 2.90 ¢.0 521.6 7342 11837.7 - Praisary fyel
#2 01t fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 011 fired boiler 0. 800 0.00 0.0 0.0 0.6 0.0 .
Micronized coal refit i G. 800 1.5 202/.8 824.6 1797 13381.G 0.88% 10,549
Slagging burner refit ! 0. 8wl 1.50 3480. 6 824.6 3/9.7 14833.9 0.798 10,549
Modular FBC refit ! 0.790 1.50 3995.8 805.9 384.6 15218. 0 J2.778 10,662
Stoker firing refit I 0. 76u 1.7% 2410.8 802.9 466. 4 14275.8 0.823 10,660
Coal/water sturry 1 0.750 3.00 1803.0 739.2 810.1 16408.7 0.721 11,2%2
Coal/orl slurry 1 0.780 3.50 1589.5 656.8 908.8 16348. 1 0.724 4,869
Low Btu gasifier refit 1 0.679 1.75 3230.5 808.9 522.3 15779.4 0.7%0 11,938
Packaged shell stoker 1 0.760 1.7% 27199.5 802.9 466. 4 14764.5 0.802 10,660
Packaged shell FBC 1 0.760 1.5 3470.3 806. 1 399.7 14839.5 G.798 11,104
Field erected stoker 1 0.800 1.7% 4949.0 799.0 43,0 16657.9 0.711 10,127
field erected FBC ! 0.800 1.50 5409.3 853.1 379.7 17031.0 0. 695 10,549
Pulverized coal boiler 1 0. 820 1.50 $74b.7 887. 4 370.5 17604, 5 0.672 10,291
Circulating FBC 1 0.810 1.50 6328.5 840.8 375.1 17790.13 0. 665 10,418

|
|
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McGUIRE AFB: MAC

1. BACKGROUND

McGuire AFB is located near Trenton, New Jersey. The main boiler
plant at McCuire (Bldg. 2101) used coal until 1970, when all boilers
were switched to natural gas and distillate oil (backup fuel). All
boilers are water-tube, high-temperature, hot-water units and have
Cleaver Brooks electrostatic precipitators in place. Boiler effi-
ciencies are reported to be 76%. Fuel use is about 800,000 MBtu/year,
tor an average load of 91 MBtu/h. It is doubtful that any coal-handling

equipment is repairable.

2. HEATING PLANT UNITS

Heating Plant No. 2101

4 x 50 MBtu/hj; Combustion Engineering (1953)
2 x 31.2 MBtu/h; Erie City (1960)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 2101

FY 1985
Steam Ideal
output capacity
(MBtu/h) factor
20 0.95
30 0.81
40 0.73
50 0.68
60 0.62
70 0.57
80 0.51

4, ENERGY PRICES

FY 1986 Price Data

Year Average End of Year
Electricity = 7.0¢/kWh Same
Distillate oil = $6.85/MBtu Same

Natural gas = $3.85/MBtu $2.70/MBtu
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C. H. Guernsey & Co. Survey

Electricity = 7.8¢/kWh
Distillate oil = $5.56/MBtu
Natural gas = $5.30/MBtu (incorrect value)

An inquiry into the gas price revealed that the price fluctuates
and the supply 1s interruptible. The gas supply is only rarely inter-
rupted, and a cost of ~$4.00/MBtu would be representative.

5. OTHER CONSIDERATIONS

Electric use in FY 1986 was 55,000 MWh — an average of 6.3 MW,

6. COAL CONVERSION PROJECT OUTLOOK

A conversion project using coal to generate 50 MBtu/h of steam may
be feasible. Assuming 90%Z equipment availability, an overall capacity

factor of ~60% could be expected (based on CY 1985 data).
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Naturst gas price ($/MBty) - duu R.OM. cual ($/MBtu) 150
0 01 price ($/mMBty} GG Stoner codl ($/MBty) - 1.7
96 011 price ($/%Btu) 0.9 Coal/H O mia ($/MBLy) 300
0PT LUNS C0al/011 mre ($/MBtu) - 350
Loot cluwer auttplier J.u
Tube bank mod multiplier - 2.0 Primary fuel 15 !¢
hottom ash pit multiphier 1.9 NATURAL GAS
sU. controi muitiptier - 0.0 1-#6 i, 2-02 011, 5 NG
L IME STONE . t IME
Inert tracticon v J®
ECUNOMC PARAME ' kS
Project trfe {,ear) 3
Orscount rate (%/year) = 10
uniform pres worth factor - 9.42/
fuel to Caprta) Life
[ steam/ Fuel Invest - Annual costs cycle Benef it Coal
of hot water  price ment 08 Fuel cost /cost use
Technology units EFF _ $/mBty &3 k$ k3 (31 ratio ton/year
Natural gas boiler G. 800 4.00 0.0 540.6 956.6 14113.9 <-- Primary fuel
#2 011 fired boiler 0. 800 Q.00 0.0 0.0 0.0 0.0
#6 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0. 800 1.5 1939.6 870.3 358.7  13525.1 1.044 9,965
Stagging burner refit 1 0. 800 1.50 3322.2 870.3 35s.7 14907.8 0.947 9,965
Mogular FBC refat 1 L. 790 1.50 3§12.6 838.9 363.3 15145.0 0.932 10,091
Stoker firing refit 1 0.760 1.7% 2307.5 89,2 440.5 14277.6 0.989 10,069
Coal/water <lurry 1 0.750 3.00 1720.7 766.5 765.3  16160.7 0.873 10,629
Coal/ovt slurry 1 0.780 3.50 1514.9 686.5 858.5 16079.1 0.878 4,599
Low Btu gasifier refit 1 0.679 1.75 59 930.6 453.4  16499.8 0.855 11,277
Packaged shell stoker 1 0.760 1.75 2676.2 829.2 440.5 14646.3 0.964 10,069
Packaged shell FBC 1 0.760 1.50 3297.1 839.3 377.6 14768.4 0.956 10,489
Field erected stoker 1 0. 800 1.7% 4700. 4 820.1 418.5 16376.4 0. 862 9,566
Field erected FBC 1 0. 300 1.50 5132.4 884.6 356.7 16853.4 0.837 9,965
Pulver.zed coal boiler 1 0.820 1.50 5455.0 913.2 350.0 17362.9 0.813 9,721
Circulating FBC 1 0.810 1.50 5984 5 889.1 354.3  17705.9 0.797 9,841
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SCOTT AFB: MAC

1. BACKCROUND

Scott AFB is located near Belleville, lllinois. There are tour
steam plants on this base, but only the major one, in Bldg. 45, 1s of
any interest. The capacity of this plant is -250 MBtu/h (the others
are ~20, 31, and 14 MBtu/h) and is composed of four Erie City lron Works
boilers. The boilers in the main steam plant previously burned coal but
were converted to No. 6 oil. Currently, the main plant burns natural

gas as well,
2. HEATING PLANT UNITS

Heating Plant No. 45

83 MBtu/h; Erie City Iron Works (1955)
40 MBtu/h; Erie City Iron Works (1952)
84 MBru/h; Erie City Iron Works (1939)
45 MBtu/h; Erie City Iron Works (1939)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 45

FY 1985
Steam Ideal
output capacity
(MBtu/h) factor
20 0.98
30 0.86
40 0.75
50 0.55
60 n.57
70 . 49
80 43

4. ENERGY PRICES

FY 1986 Price Data

Year Average End of Year
Electricity = 4.1¢/kWh 4.9¢/kWh
Residual oil = §5.28/MBtu Same
Distillate oil = $5.90/MBtu Same
Natural gas = $3.64/MBtu $3.80/MBtu
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C. H. Guernsey & Co. Survey

No data were available.

5. COAL CONVERSION PROJECT OUTLOOK

A conversion project would likely involve conversion of one boiler.
In CY 1985, the average steam use was 34 MBiu/h. Data tor FY 1978-79
and the C. H. Cuernsey & Co. survey indicate an average fuel use of
39—44 MBtu/h. A realistic overall capacity factor tor a 40-MBtu/h coal
burning unit would be about 65%. For an 80-MBtu/h unit, the capacity

tactor would be near 37X%.
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Table A.27. Scott AFB: 1 x 40 MBtu/h, without 502 control

Total steam/hot water Jsutput - 40.0 MBtush
Borter capacity factor = 0.650
Number of units for rafat - |

Hydrated hime price($/ton) - 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.O.M. Stoker
Electric price (cents/kwh) - 3.90 Ash fraction = 0.100 0.090
Labor rate (kb/year) - 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.80 R.O.M. coal ($/MBtu) = 1.50
#2 0il price ($/M8tu) = 0.79 Stoker coal {$/MBtu} 1.75
#6 Cil price ($/MBtu) - 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod aultiplier - 0.0 Primary fuel is 3
Bottom ash pit multiplier - 1.0 NATURAL GAS
SO2 contro! multiplier - 0.0 1:-#6 0il1, 2-#2 0i1, 3:NG
LIMESTONE /L IME

Inert fraction = 0.05
ECONOMIC PARAME TERS
Project life (year) - 30
Discount rate (%/year) = 10
unifora pres worth factor = 9,427

Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year

Natural gas boiler 0. 800 3.80 0.0 569.3 1081.9 15565.3 <-- Primary fuel
#2 Qil fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 Qi) fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2207.1 902.8 427.1 14743.8 1.056 11,863
Slagging burner refit 1 0. 800 1.50 3802.8 902.8 427.1  16339.6 0.953 11,863
Modular FBC refit 1 0.790 1.50 4368.5 B74.6 432.5 16690.4 0.933 12,013
Stoker firing refit 1 0.760 1.75 2620.5 867.0 524.4 15737.4 0.989 11,987
Coal/water slurry 1 0.750 3.00 1970.5 801.6 911.0 18115.5 0.859 12,653
woal/oil slurry 1 0. /80 35 1741.7 14,3  1022.0 18109.5 0.860 5,475
Low Btu gasifier refit 1 0.679 1,75 3546, 1 939.1 587.4 17935.7 0.868 13,425
Packaged shell stoker 1 0.760 1.78 3050.0 B67.0 524.4 16167.0 0.963 11,987
Packaged shetl FBC 1 0.760 1.50 3825.0 875.1 449.5 16312.3 0.954 12,487
Field erected stoker 1 0.800 1.7% 5457.7 859.1 498.2 18253.4 0.853 11,388
Fireld erected FBL 1 0.800 1.50 5976.5 924.7 427.1 18719.2 0.832 11,863
Pulverized coal boilter 1 0. 820 1.50 6343.9 956.5 416.6 19288.1 0.807 11,573
Lirculating FBC 1 0.810 1.50 7036.9 920.8 421.8  19693.6 0.790 11,716




101

Table A.28. Scott AFB: 1 a 83 MBtu/h, without $U.1 cuntry!
Total steam/hot water output - 83.0 MBtu/h
Boiler capacity factor = 0,370
Number of units for refit - |
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price {$/ton) - 10.00 K.0.M._ Stoker
Electric price (cents/kWh) - 4,90 Ash fryction - 0.100 0.090
Labor rate (k$/year) - 35.00 Sulfur fraction - 0.025 0.0¢¢
Limestone price ($/ton) = 20.00 HHV (Btus1b) - 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.80 R.0.M. coal ($/MBty) : 1.50
#2 0i1 price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0i1 price ($/MBtu) = 0.00 Coal/Heo aix ($/MBty) = 3.00
OPTIONS Coal/oil mix (3/MBtu) * 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel 15 3
Bottom ash pit multiplier = 1.0 NATURAL GAS
SO2 control aultiplier = 0.0 1=46 0i1, 2:#2 0i}, 3:NG
L IMESTONE /L INE
Inert fraction = 0.0§
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life
# stean/ Fuel Invest- Annual costs cycle Benef it Coal
of hot water price Aent 08 Fuel cost /cost use
Technology units EFF $/MBLu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0.800 3.80 0.0 721,5 1277.8 18847.9 <-- Prisary fuel
#2 0il fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0,800 0.00 0.0 0.0 0.0 0.0
Micronized codl refit i 0. 800 1.50 3261.9  1105.3 504.4 18436.8 1.022 14,011
$1agging burner refit 1 0. 800 1.50 5700.9 1105.3 504.4 2087/5.8 0.903 14,011
Modular FBC refit 1 0.790 1.50 6562.9  1069.4 510.8 21459.4 0.878 14,189
Stoker firing refit 1 0.760 1.75 3845.4 1060.4 619.5 19680.9 0.958 14,159
Coal/water slurry 1 0.750 3.00 2962.1 985.9 1076.1 22400.1 0.841 14,946
Coal/oil slurry 1 0.780 3.50 2649.8 875.9 1207.1 22286.2 0.846 6.467
Low Bty gasifier refit 2 0.679 1.75 6700.9 1279.9 693.8 25306.3 0.745 15,857
rackaged shell stoker 2 0.760 1.75 5753.6 1154.7 619.5 22478.0 0.839 14,159
Packaged shell FBC 3 0.760 1.50 7234.7 1164.3 5310 23215.2 0.812 14,749
Field erected stoker 1 0.800 1.75 8521.8 1048.4 588.5 23952.7 0.787 13,451
Field erected FBC 1 0.800 1.50 9408.2 1134.5 504.4 24858.1 0.758 14,011
Pulverized coal boiler 1 0.820 1.50 9943.8 1168.7 492.1  25600.3 0.736 13,670
€irculating FBC i 0.810 1.50 11407.9 1119.9 498.2 26661.4 0.707 13,838
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GRAND FORKS AFB: SAC

1. BACKGROUND

Crand Forks AFB is located near Grand Forks, North Dakota. The
central heating plant (Bldg. 423) produces hot water at 395°F. All
boilers in this heating plant were designed for stoker firing (lignite
utilization was attempted but failed) but were later converted to burn
No. 6 otl. One boiler can use propane as a backup fuel. Boiler effi-
ciency is reported to be in the range of 65 to 76%. No coal handling
equipment remains,

Presently, an electric boiler system is supplying steam by a
special agreement with the local utility, Apparently the utility will
supply electricity for steam generation at a very reduced price

(2.15¢/kWh). This arrangement may not continue much longer.

2. HEATING PLANT UNITS

Heating Plant No. 423

2 x 25 MBtu/h} Combustion Engineering (1956)
25 MBtu/h; International Boiler Works (1958)
42 MBtu/h; International Boiler Works (1958)
42 MBtu/h; International Boiler Works (1964)
Electric boilers (output rating is uncertain)

3. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 423

FYy 1985
Steam Ideal
output capacity
(MBtu/h) factor
40 0.82
50 0.76
60 0.71
70 0.65
80 0.59

90 0.53
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4. ENERGY PRICES

FY 1986 Price Data

Electricity = 4.2¢/kWh
Distillate oil = $5.41/MBtu
Natural gas = $3.64/MBtu

C. H. Guernsey & Co. Survey

Electricity = 2.15¢/kWh ($6.3/MBtu)
Distillate oil = $6.07/MBtu ($0.91/gal)

5. OTHER CONSIDERATIONS

This base is located near sources of lignite; however, new boilers
would be required for lignite firing. The low-cost electricity scheme

for the electric-system boiler may cease in the near future.

6. COAL CONVERSION PROJECT OUTLOOK

A refit/replacement project for one or two of the boilers may be
economically attractive. It is estimated that refit or replacement of a
42-MBtu/h unit for coal firing could result in an overall capacity

factor of about 71Z%.
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Grand Forks AFB: 1 x 25 MBtu/h, without SO2 control

fotal steam/hot water output = 25.0 MBtu/h
Boiler capacity factor = 0.860
Number of units for refit = 1
Hydrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash di<posal price {$/ton) = 10.00 R.0.M. Stoker
Electiic price (cents/kwWh) = 4,20 Ash fraction = 0,100 0.090
vabor rate (k$/year) : 35.00 Sulfur fraction = 0.025 0.022
L mestone price {$/ton) = 20.00 HHV (Btu/lb) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu} = 1.50
#2 0i1 price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0il price ($/MBtu) = 3.67 Coa)/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil aix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 1
Bottom ash pit multiplier = 1.0 #6 FUEL OIL
SO2 control multiplier = 0 0 1=#6 0il, 2-#2 0i), 3:=NG
L IMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMEIERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9.427
Fuel to Capital Life
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price nent 0% fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#2 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler -- 0.800 3.67 0.0 488.5 864.0 12750.4 <-- Primary fuel
Micronized coal refit 1 0.800 1.50 1731.1 788.0 353.1 12488.3 1.021 9,809
Slagging burner refit 1 0.800 1.50 2948.5 788.0 353.1  13705.7 0.930 9,809
Modular FBC refit 1 0.790 1.50 3380.3 765.1 357.6  13964.3 0.913 9,934
Stoker firing refit 1 0.760 1.75 2062.9 759.6 433.7 13311.5 0.958 9,913
Coal/water slurry 1 0.750 3.00 1526.9 699.3 753.4 15221.2 0.838 10,463
Coal/oil slurry 1 0.780 3.50 1339.4 624.5 845.1 15193.0 0.839 4,527
Low Btu gasifier refit 1 0.679 1.75 2712.8 799.2 485.7 14825.6 0.860 11,102
Packaged shell stoker 1 0.760 1.75 2384.8 759.6 433,7 13633.4 0.935 9,913
Packaged shell FBC 1 0.760 1.50 2892.2 165.5 371.7 13613.0 0.937 10,326
field erected stoker 1 0.800 1.75 4118.3 754.2 412.0 15111.5 0.844 9,417
Field erected FBC 1 0.800 1.50 4485.1 807.4 353.1 15425.2 0.827 9,809
Pulverized coal boiler 1 0.820 1.50 4772.2 837.9 344.5 15918.8 0.801 9,570
Circulating FBC i 0.810 1.50 5185.4 805.1 348.8 16062.9 0.794 9,688
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Grand Forks AFB: | a 42 WBtu/h, without SOZ

control

Total steam/hot water output - 4.0 MBtue/h
Boiler capacity factor - 0.710
Nuaber of units for refit : 1
Hydrated lime price($/ton) : $0.00 COAL PROPERTIES
Ash disposal price ($/ton) - 10.00 R.0.M. Stoker
Electric price (cents/kwh) : 4,20 Ash fraction - 0.100 0.090
Labor rate (k$/year) - 35.00 Sulfur fraction - 0,025 0.022
Limestone orice ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 0il price ($/MBtu) : 3.67 Coal!ﬂ20 aix ($/MBtu) - 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier : 0.0 Primary fuel is 1
Bottom ash pit aultipiier = 1.0 #6 FUEL OIL
SO_ control multiplier = 0.0 1:46 Qil, 2:#¢ 0il, 3:NG
L IMESTONE /L IME
Inert fraction - 0.05
ECONOMIC PARAMEIERS
Project life (year) = 30
Discount rate (%/year) = 10
Unifora pres worth factor = 9,427
Fuel to Capital Life
[ steam/ Fuel Invest Annual costs cycle Benefit Coal
of hot water price nent 08 Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#2 0i) fired boiter - 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) rired boiler -- 0.800 3.67 0.0 675.6 1198.4 16723.2 <-- Primary fuel
Micronized coal refit 1 0.800 1.50 2264.3 911.9 489.8 15477.8 1.080 13,605
Slagging burner refit 1 0.800 1.50 3905.7 911.9 489.8 17119.2 0.977 13,605
Modular FBC refit 1 0.790 1.50 4487.5 883.7 496.0 17493.5 0.956 13,778
Stoker firing refit 1 0.760 1.75 2687.3 876.0 601.5 16615.1 1.007 13,749
Coal/water slurry 1 0.750 3.00 2024.0 810.3 1044.9 19512.3 0.857 14,512
Coal/oil slurry 1 0.780 3.50 1790. 4 720.6 1172.2 19633.3 0.852 6,279
Low Btu gasifier refit 1 0.679 1. 3 3647.2 942.2 673.7 18879.7 0.886 15,398
Packaged shell stoker 1 0.760 1.75 3129.9 876.0 601.5 17057.7 0.980 13,749
Packaged she!l FBC 1 0.760 1.50 3938.9 884.2 515.6 17134.6 0.976 14,321
Field eracted stoker 1 0.800 1.75 5620.9 868.3 571.4 19193.2 0.8N 13,061
Field erected FBC 1 0.800 1.50 6158.7 934.6 489.8 19586, 2 0.854 13,605
Pulverized coal boiler 1 0.820 1.50 6535.6 967.0 477.8 20156.1 0.830 13,274
Circulating FBC 1 0.810 1,50 7265. 4 930. 1 483.7 20593.3 0.812 13,437
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MINOT AFB: SAC

1. BACKGROUND

Minot AFB is located near Minot, North Dakota. The central heating
plant in Bldg. 413 is of interest for this study. The base hospital has
a heating plant that is far too small to be considered for coal firing.

The central heating plant has six water-tube boilers that burn
natural gas or No. 6 oil (for backup) to produce 400°F hot water. Two
boilers (42 and 25 MBtu/h) originally burned stoker coal (lignite utili-
zation was attempted but failed) and were later converted to burn gas or
oil. The remaining boilers were designed for residual oil. No coal
equipment is still present. The average fuel use was ~70 MBtu/h for FY

1978-79, and apparently dropped to about 53 MBtu/h in 1986.

2. HEATING PLANT UNITS

Heating Plant No. 413

2 x 25 MBtu/h; International Boiler Works (1956)
25 MBtu/h; International Boiler Works (1960)

2 x 25 MBtu/h; Combustion Engineering (1957)

42 MBtu/h; Babcock & Wilcox (1963)

3. [DEAL CAPACITY FACTOR ANALYSIS

Plant No. 413

FY 1984 FY 1985

Fuel Ideal Ideal
input capacity capacity
(MBtu/h) factor factor

40 0.79 0.79

50 0.75 0.75

60 0.70 0.70

70 0.67 0.66

80 0.62 0.62

90 0.57 0.58

100 0.52 0.54
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4. ENERGY PRICES

FY 1986 Price Data

Electricity = 3.2¢/kWh
Distillate oil = $5.90/MBtu
Natural gas = $3.90/MBtu

C. H. Guernsey & Co. Survey

Electricity = 1.45¢/kWh
Residual oil = $2,53/MBtu (questionable)
Natural gas = $4.18/MBtu

The DEIS data show no No. 6 0il being purchased in FY 1986. The
C. 4. Cuernsey & Co. survey gives No. 6 as the secondary fuel, costing

only $0.38/gal.
5. OTHER CONSIDERATIONS

This base 1is situated near sources of lignite. However, new
boilers would be required to burn lignite.

6. COAL CONVERSION PROJECT OUTLOOK

A conversion project would likely involve refit or replacement of
the 42-MBtu/h unit coal-designed boiler. The estimated overall load
factor for such a project would be ~64%, assuming a 90% equipment avail-

ability factor and other small losses in load factor.
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Table A.31. Minot AFB: 1 x 42 MBtu/h, without SOZ contro!

Toty] steam/hot water output -

Boiler capacity factor -

Number of units for refit -

42.0 MBtu/h
0.640
1

Hvdrated lime price{$/ton) = 40.00 COAL PROPERTIES
Ash drsposal price ($/ton) - 10.00 R.0.M. Stoker
tlectric price (cents/kwh) - 3..0 Ash fraction = 0.100 0.090
Labor rate {k%/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) - 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price {$/MBtu) = 4.18 R.0.M, coal ($/MBtu) = 1.50
#2 03 price ($/MBtu) = 0.00 Stoker coal ($/MBtu} = 1.75
#6 0il price ($/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 0.0 Primary fuel is 3
Bottom ash pit multiphier = 1.0 NATURAL GAS
SO2 control multiplier = 0.0 1-#6 0il, 2:#2 0il, 3:NG
LIMESTONE /1 It
Inert fraction = 0.05
ECONOMIC PARAME 1ERS
Project life (year) - 30
Discount rate {%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life .
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08 Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler 0.800 4.18 0.0 567.1 1230.3 16943.8 <-- Primary fuel
#2 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 011 frreg boiler 0. 800 0.00 0.0 0.0 0.0 0.0
Micronmized coal refit 1 0. 800 1.50 2264.3 893.4 441.5 14848.3 1.141 12,264
Slagging burner refit 1 0.800 1.50 3905.7 893.4 441.5  16489.7 1.028 12,264
Modular FBC refit 1 0.790 1.50 4487.5 869.0 447.1 16894.4 1.003 12,419
Stoker firing refit 1 0.760 1.75 2687.3 863.4 542.2 15937.9 1.063 12,393
Coal/water slurry 1 0.750 3.00 2024.0 797.5 941.9 18421.1 0.920 13,082
Coal/oil slurry 1 0.780 3.50 1790.4 708.7 1056.6 18431.5 0.919 5.660
Low Btu gasifier refit 1 0.679 1.75 3647.2 904.8 607.2 17901.0 0.947 13,880
Packaged shell stoker 1 0.760 1.75 3129.9 863.4 542.2 16380.5 1.034 12,393
Packaged shell FBC 1 0.760 1.50 3938.9 869.5 464.7 16516.9 1.026 12,909
Field erected stoker 1 0.800 1.75 5620.9 857.3 515.1  18557.9 0.913 11,773
Field erected FBC 1 0.800 1.50 6158.7 919.9 441.5 18993.1 0.892 12,264
Pulverized ccal boiler 1 0.820 1.50 6535.6 953.7 430.7 19586.9 0.865 11,965
Circulating FBC 1 0.810 1.50 7265.4 910.6 436.1 19960.2 0.849 12,113
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Tatie A 32, Minot AFB: | & /S MBlu/n, without ‘.U{ Lantr !
Total steam/ hot water "ulput - ¢5.0 MBLu/h i
Botler capactty ractor - 0,780 ‘
Number Of units tor refat - |
Hydrated Yime price($/tun) .00 COAL FRUPERT LS 1
Ash 1sposal price ($7tan) 10,00 R.y.M  Stoker
tlectric price (ents ‘kwh) - 400 Ash fraction - O 10 O W80
Labor rate {(kb/year) EE ¥ Sulfur fraction 0009 0,000
L tmestone price ($/ton) IR Y HHY (Btu/1b) - 1/000 14500
FUEL PRICES FUEL PAICES
Natural gas price (3/MBtu) - 4.18 R.O.M. coa) (3/%Bty) - 1.0
#2 Ol price (y/MBtu) - 0.00 Stoker codl ($/MBtu) - 1.°S
#6 011 praice (3/™Bty) 3.67 L‘uaVN(O mia ($/mBLy) .
OPTIONS Coal7o1! mra ($/MBYY)Y - 450
Soot blower multipiier U0
Tube bana mcd multiplier - 0.0 Promgr, fuel s 3
Buttom ash pit multipliar 1.0 NATURAL LAS
502 control aultiplier Y] 1ot Ol 2 00 N, 5 Ny
t IMESTONE, L Mt
[nert traction .35
tCONUMIC PARAME TERS
Project life (year) s
Discount rate (%/year) - 10
Uniform pres worth factor : 9,427
Fue! to Capital Life
’ steam/ Fuel Invest- Annual costs cycle Benefit Coat
of hot water price aent (117 ] fuel cost /cost use
_ Technology units EFF $/MBtu (39 k$ k3 k$ ratio ton/year
Natural gas boiler 0.800 1.18 0.0 482.4 858.2 12637.9 <-- Primary fue)
#2 0il fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
w6 il fired boiler 0. 800 3.67 0.0 482. 4 753.5  .1650.8
Micronized coal refit 1 0. 800 1.50 1731.1 174.3 308.0 11933.6 1.059 8,555
$lagging burner refit 1 0.800 1.50 2948. 5 174.3 308.0 13151.0 0.961 8,555
Modular FBC refit 1 0. 790 1.50 3380. 3 754. 4 311.9  13432.3 0.941 8,663
Stoker firing refit 1 0.760 1.7% 2062.9 750.5 378.2 12703.3 0.995 8,645
Coal/water slurry 1 0.750 3.00 1526.9 690. 1 657.0 14225.7 0.888 9,125
Coal/ovl slurry 1 0.780 3.50 1339.4 616.0 737.0  14094.1 0.897 3,948
Low Btu gasifier refit 1 0.679 1.75 2712.8 172.8 423.6  13990.6 0.903 9,682
Packaged shell stoker t 0.760 1.75 2384.8 750.5 378.2 13025.2 0.970 8,645
Packaged shell fBC 1 0.760 1.50 2892.2 754.8 324.2  13063.4 0.967 9,005
Field erected stoker 1 0.800 1.75 4118.3 746. 2 359.3  14539.4 0.869 8,213
Field erected FBC 1 0.800 1.50 4485.1 796.7 308.0 14898.7 0.848 8,555
Pulverized coa! boiier 1 0.820 1.50 4772.2 828.2 300.5 15411.6 0.820 8,346 !
Lirculating FBC 1 0.810 1.50 5185.4 790.6 304.2 15505.4 0.815 8.449 ‘
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PEASE AFB: SAC

BACKGROUND

Pease AFB 1s located near Portsmouth, New Hampshire. The steam

plant (Bldg. 124) consists of two 110-MBtu/h water-tube units that fire

natural gas as the primary tuel and No. 6 oil as the secondary fuel.

These boilers are designed for residual fuel o0il combustion. Average

tuel

use was ~68 MBtu/h for FY 1978, and 73 MBtu/h for FY 1979. The

peak winter output demand is ~110 MBtu/h.

2.

HEATING PLANT UNITS

Heating Plant No. 124

2 « 110 MBtu/h; Combustion Engineering (1955)

IDEAL CAPACITY FACTOR ANALYSIS
Plant No. 124
FY 1978 FY 1979 -
Fuel Ideal Ideal
input capacity capacity
(MBtu/h) factor factor
40 0.90 0.80
50 0.84 0.75
70 0.74 0.67
90 0.66 0.59
110 0.60 0.50
ENERCY PRICES

FY 1986 Price Data

Electricity = $15.5/MBtu = 5.3¢/kWh
Distillate oil = $5.91/MBtu
Residual oil = $4.54/MBtu

Natural gas = $3.8/MBtu

C. H. Guernsey & Co. Survey

Electricity = 6.0¢/kWh .
Residual oil = 34.67/MBtu
Natural gas = $4.00/MBtu
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5. OTHER CONSIDERATIONS

The data available for FY 1978-79 give monthly No. 6 o0il use but
not monthly gas use. The annual use of gas was reported instead. Some
estimation about monthly load had to be made to project capacity fac-

tors. Approximately 25% of the boiler fuel used was natural gas.

6. COAL CONVERSION PROJECT OUTLOCK

Replacement/refit of one boiler may be attractive. It is estimated
that the ove-all capacity factor for converting one 110-MBtu/h unit to
coal would be roughly 50%. Because of the high output rating of the
boilers in respect to the heat demand, a refit project involving one
boiler could include considerable derating for coal firing. Based on
price data and recent information, natural gas should be considered as

the primary fuel.




Tatie R 55 Pease AFE. 1 2 o0 NBtu/ N, without U, Juntrold
Tola) Lstedncl wateo utpat be.u Mbt. or
Bot'ler Cdpactty taltor 1. 60U
Namb -t ot units for retrt }
Fadrated time procecdtong o CUAL PRUBERTIES
Ann oponal pmace (St SIS WU R Steker
Plectotl [t 've qent, hwhd ERE R Ash tracttun PARTEY] 0. 0%0
L3Lor rate (k$7year) 350 Suttur trgctien U.u25 0,020
Limestone price ($/tun) JOL00 iy Bty lb) LU 12500
FUEL PRICES Fube PRIES
Natural gas price ($/NBtu) 3.80 R O™ coal (§/MBLy) -}
#2 Url price ($/MBtu)  0.00 Stoker (oga! ($/mBty) 1.7%
o6 011 prace ($/MBtu) (.00 Codl/H 0 s ($/MBty) - 3.00
JPTIONS Coal/o1) mia ($/MBty) - 3.50
Soct Glower multiplier 0.0
Tube bunk mog aultiplier - 1.0 Primary fuel 15 3
Buttom ash pit multaplier - 10 NATURAL GAS
50 wontrol aultiphier - 0.0 1-#6 1, 2-42 011, 3 WG
[ iMESTONE /L TN
Inert fraction - 9.05
EOUNUML PARAME TERS
Project Tife (year) 30
Mscuunt rate (&/year) - 10
Urniform pres worth factor - 9,42/
Fuel to Capital Life
[ steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 177 ] Fuel cost /cost use
Technology units EFF $/MBtu k$ ki kS  _k§ ratio ton/year
Katural gdas boiler 0. 800 3.80 0.0 657.0 1498.0 20314.9 <-- Primary fue)
#2 1) fared boiler 0.800 0.00 0.0 0.0 0.0 0.0
#6 011 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2736.2 1030.5 591.3  18025.1 1.127 16,425
Stagging burner refit 1 0. 800 1.50 4754.8 1030.5 591.3  20043.7 1.014 16,425
Modular FBC refit 1 0.790 1.50 5469. 4 993.7 598.8 20481.3 0.992 16,633
Stoker firing refit Nol applicable because existing boiler was designed for #6 oil
Coal/water slurry 1 0.750 3.00 2785.2 912.6 1261.4 23279.6 0.873 17,520
Coal/otl slurry 1 0.780 3.50 2297.0 811.3 1415.1 23284.7 0.872 7,581
Low Btu gasifier refit 2 _0.679 1.75 5564.8 1193.3 813.3 24480.7 0.830 18,589
Packaged shell stoker Z 0.760 1.75 4850.6 1071.3 726.2 21794.8 0.932 16,598
Packaged shell FBC 2 0.760 1.50 5959.3 1083.3 622.4 22038.5 0.922 17,289
Field erected stoker 1 0.800 1.75 6981.9 970.9 689.9 22638.1 0.897 15,768
Field erected FAC 1 0. 800 1.50 7680.8 1051.5 591.3 23167.6 0.877 16,425
Pulverized coal boiler 1 0.820 1.50 8134.2 1083.4 576.9  23785.9 0.854 16,024
Circulating FBC 1 0.810 1.50 9191.2 1049.1 584.0  24585.9 0.826 16,222
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Table AL34, Pease APB: | o 70O MBtu/h, without 50{ wontro!
Total steam/hotl waler sutpuat 'U.u MBLuh
Borler capacit, fFactor - o 56U
Numter ot units tor refit - 1
Mydrated lime pricerd/ton) - ol CUAL HRUPERTIES
Ask Jispusal prive (Y/tun)  luuC R O.m. Stuker
tlectric price (cents/kwh) - 5 30 Ash traction - 0.100  0.0%
Latur rate (k$/year) 15. 00 Sultur tractyon 0.02¢ U.0¢?
Limestone price ($/tun) - 200U Y (Btu/b) - 12000 12500
FUEL PRICES tubL PRICES
Natural gas price (3/M8tu) - 3.80 R.O.M, codl ($/MBty) - 1.5
#2 0+1 price ($/MBtu) - 0.00 Stoker cod! ($/MBtu) - 1.75
#6 Ov) price ($/MBLu) - 0.0 Coal/NZO ma ($/MBtu) - 300
QPTIONS Coal/oil mie ($/MBLyu) - 3.9
Soot blower multaplier 0.0
Tube bank mcd multiplier - 1.0 Primary tuel 15 4
Bottom ash pit multipler 1.0 NATURAL GAS
502 control multiphier - 0.0 1-#6 011, 2-.2 Uvl, 3 NG
L IMESTONE /L IME
Inert fraction : (.05
ECONOMIC PARAME TERS
Project life (year) - 30
Urscount rate (%/year) - 10
Uniform pres worth factor = 9, 427
fuel to Capital Life
[} steam/ Fuel Invest - Annual costs cycle Benef 1t Coal
of hot water  price ment Q&M Fuel cost /cost use
Technology units EFF $/MBtu k$ [3) k$ k$ ratio ton/year
Natural gas boiler 0.800 3.80 0.0 692.8 1631.1 21906.8 <-- Primary fuel
#2 0il fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
#6 031 fired boiler 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0.800 1.50 2973.2 1080.3 643.9  19226.9 1.139 17,885
Slagging burner refit 1 0.800 1.50 5181.3 1080.3 643.9  21435.1 1.022 17,885
Modular FBC refat 1 0.790 1.50 5962.5 1040.5 652.0 21917.8 1.000 18,111
Stoker firing refit Not applicable because existing boiler was designed for #6 o1l
Coal/water slurry [ 0.750 3.00 3039.2 956.6 1373.6  25005.7 0.876 19,077
Coal/oil slurry 1 0.780 3.50 2511.5 849.7 1540.9 25047.5 0.875 8,255
Low Btu gasifier refit 2 0.679 1.75 6076.4 1259,5 885.6 26297.4 0.833 20,241
Packaged shell stoker 2 0.760 1.75 5258.7 1119.6 790.7  23267.2 0.942 18,073
Packaged shell fBC 2 0.760 1.50 6532.1 1132.7 677.7 23598.7 0.928 18,826
Field erected stoker 1 0.800 1.7% 7673.4 1015.5 151.2 24327.6 0.900 17.170
Field erected FBC 1 0.800 1.50 8455.9  1101.7 643.9  24910.9 0.879 17,885
Pulverized coal boiler ! 0.820 1.50 8946.7 1133.8 628.2  255%6. 1 0.857 17,449
Circulating FBC 1 0.810 1.50 10182.1 1098.4 635.9 26531.0 0.86 17,664
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Table A 35 Hedse AFB: 1 1 BO MBtu/h, without 501 control
Lotal stesa/hotl water culpat guU. 1 MHtu/h
Botler Canactty fa tor 0 819
Wuaber ob yntt; tor o retit !
Hydrated lime proce($/ton W LUAL PRUPEHILES
Aun t1Lposd) prace ($/ton Lo U E__Q_! Stuker
tlectrie ¢rice (Lent. hwh; ER TS Ash tractian  J. 10 0090
Labur rate k$/ sear ) Ny Sultur fraction - 0.0 0.0
Limestone price ($/ton) PV ) HHV (Btu/ib) - 12000 1¢500
FUEL PRICES FUEL PRILES
Natural gas price (3/MBtu) 3.80 R.0.M. coal ($/MBru) - 1.50
#2 Ot price ($/MBtu) - 0.00 Stoker codl [$/MBty) - 1.7%
#6 071 price ($/mMBtu) - 0.00 Coal/Hzc mve ($/MBty) 3.00
OPTIONS Coalsor! mia ($/WBtu) - 3.50
Soot blower multiplier - (.0
Tube bank mod multiplier 1.0 Primary tuel 3y 3
Bottom dash pit multiplier - 1.0 NATURAL GAS
SO, control aultiplier - 0.0 1-#6 0vl, ¢ 02 011, 3 NG
LIMESTONE /L Mt
Inert fractron  G.05
ELONOMIL PARAME VERS
Project iife (year) 30
Discount rate (%/year) : 10
Uniform pres worth factor = 9.427
Fuel to Caprtal Life
. steam/ Fuetl Invest - Annugl costs cycle Benef it Coal
of hot water price aent [¢77 3 fFuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas borler 0.800 3.80 0.0 724.7 1697,/ 22835.7  «<-- Pramary fuel
#2 0il fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
#b Ovl fired boiler 0.800 0.00 0.0 0.0 0.0 Q0.0
Micronized codl refit 1 0. 800 1.50 3197.0 1123.2 670.1 20103.0 1.136 18,615
S13gging burner refit | 0. 800 1.50 5584.1  1123.2 670.1 22490.1 1.015 18,615
Modular FBL refit ) 0.790 1.50 6427.9 1081.3 678.6 23018.4 0.992 18,851
Stoker firing refit Nol applicabie because existing boiler was designed for #6 oi)
Coal/water slurry 1 0.750 3.00 3279.3 995.2 1429.6 26138.0 0.874 19,856
Coalyoil slurry i 0.780 3.50 2714.7 887 6 1603.8 26162.9 0.873 8,492
Low Btu gasifier refit 2 0.679 1.75 6560.2 1316.7 921.7 27661.6 0.826 21,067
Packaged shell stoker 2 0.760 1.7% 5642.5 1162.1 823.0 24355.8 0.938 18,811
Packaged shell FBC 2 0.760 1.50 7076.3  1175.7 705.4 24809. 2 0.920 19,595
Field erected stoker 1 0.800 1.75 8330.% 1054.7 781.8 25643. 3 0.891 17,870
Fietd erected FBC 1 0.800 1.50 9193.3 1145.5 670.1 26308.8 0.868 18,615
Pulverized coal boiler 1 0.820 1.50 9718,9 1177.8 653.8 26984, 8 0.846 18,161
(ircutating FBC i 0.810 1.5¢  11130.6 1140.3 661.9 28119.7 0.812 18,385
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PLATTSBURGH AFB: SAC

1. BACKGROUND

Plattsburgh AFB is located near Plattsburgh, New York. The main
boiler plant (Bldg. 2658) has six 50-MBtu/h boilers firing the design
fuel, No. 6 oil. The boiler plant produces pressurized hot water with
temperatures up to ~400°F. Peak load 1is estimated to be roughly
195 MBtu/h, and the average load is ~95 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 2658

4 x 50 MBtu/.; International Boiler Works (1955)
2 x 50 MBiu/h; Combustion Engineering (1957)

5. IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 2658

FY 1978 FY 1979 FY 1984 FY 1985
Fuel Ideal Ideal Ideal Ideal
input capacity capacity capacity capacity
(MBtu/h) factor factor factor factor
40 1.0 0.98 1.0 0.89
50 0.97 0.93 0.95 0.85
70 0.88 0.83 0.92 0.82
90 0.81 0.77 0.83 0.73
120 0.72 0.69 0.73 0.65
150 0.64 0.60 0.64 0.57

4. ENERCY PRICES

FY 1986 Price Data

Year Average End of Year
Distillate oil = $5.90/MBtu Same
Residual o0il = $5.08/MBtu Same
Electricity = $17.3/MBtu = 5.91¢/kWh 6.3¢/kWh

C. H. Guernsey & Co. Survey

Electricity = 6.0¢/kWh
Residual oil = $5.08/MBtu
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5. COAL CONVERSION PROJECT OUTLOOK

Based on load data, a refit/replacement project would probably
involve one or two boilers. Residual o0il was costing ~$5.08/MBtu, but
it should be available for a lower cost. The Stock Fund price of No. 6
oil dropped to $0.55/gal in 1988, which is equal to $3.67/MBtu.

A project involving 100 MBtu/h of capacity would have an expected
overall load factor near 62%. A 50-MBtu/h project would have a load

factor near 79% (based on 90% equipment availability).
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Table A.36. Plattsburgh AFB: 1 x 50 MBtu/h, without 802 control

Total steam/hot water output = S0.0 MBtu/h
Boiler capacity factor = 0.790
Number of units for refit = |
Hydrated 1ime price($/ton} = 40.00 COAL PROPERTIES
Ash disposa) price ($/ten) - 10.00 R.O.M, Stoker
LieCtric piive (cenls kwi) < .20 Asnh traction = 0.100 0.090
Labor rate {k$/year) = 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHY (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 011 price ($3/MBtu) = 3.67 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower aultiplier = 0.0
Tube bank mod multiplier = 1.0 Primary fuel is 1
Bottom ash pit multiplier = 1.0 #6 FUEL OIL
S0, control multiplier = 0.0 1:46 0i), 2=#2 0il, 3:=NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (X%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capita) Life
* steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units "FF $/MBtu k$ k$ k$ [ 31 ratio ton/year
Natural gas boiler -- 0. 800 0.00 0.0 0.0 0.0 0.0
#2 0il fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler 0.800 3.67 0.0 632.5 1587.4 2U926.6  <-- Primary fuel
Micronized coal refit 1 0.800 1.50 2482.6  1008.7 648.8 18107.3 1.156 18,022
Slagging burner refit 1 0.800 1.50 4298.4 1008.7 648.8 19923.1 1.050 18,022
Modular FBC refit 1 0.790 1.50 4941.7 967.4 657.0 20254.3 1.033 18,250
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal/water slurry 1 0.750 3.00 2514.0 885.8 1384.1 23911.7 0.875 19,223
Coal/oil slurry 1 0.780 3.50 2068.5 788.7 1552.7 24140.6 0.867 8,318
Low Btu gasifier refit 1 0.679 1.75 4034.2  1097.6 892.3 22792.6 0.918 20,396
Packaged shell stoker 1 0.760 1.75 3434.5 952.9 796.8 19928.7 1.050 18,212
Packaged shell FBC 1 0.760 1.50 4376.8 968. 1 682.9 19940.7 1.049 18,970
Field erected stoker i 0. 800 1.75 6247.5 940.4 756.9 22248.3 0.941 17,301
Field erected FBC 1 0. 800 1.50 6858.9 1021.5 648.8 22604.7 0.926 18,022
Pulverized coal boiler 1 0.820 1.50 7271,  1050.9 633.0 23144.9 0.904 17,582
Circulating FBC 1 0.810 1.50 8147.7 1029.8 640.8 23896.0 0.876 17,799
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Table A.37. Plattsburgh AFB: 2 x 50 MBtu/h, without SO2 control

Total steam/hot water output

< 100.0 MBtush

Boiler capacity factor - 0,620
Number of units for refit = 2
Hydrated lime price($/ton) = 40.00 COAL PROPERTIES
Ash disposal price ($/ton) = 10.00 R.0.M. Stoker
Electric price (cents/kWh) = 6.30 Ash fraction - 0.100 0.090
Labor rate (k$/year) = 35.00 Sulfur fraction - 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) < 0.00 R.0.M. coal ($/MBtu) - 1.50
#2 Dil price ($/MBtu) = 0.00 Stoker coal ($/MBtu) - 1.75
#6 0i1 price ($/MBtu) = 3.67 Coal/H20 mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix {$/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 1.0 Primary fuel is 1
Bottom ash pit multiplier = 1.0 #6 FUEL OIL
SO. control multiplier = 0.0 1:#6 011, 2=#2 0i1, 3:=NG
L IMESTONE /L IME
Inert fraction = 0,05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capita) Life
¢ steam/ Fuel Invest - Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler -- 0. 800 0.00 0.0 0.0 0.0 0.0
#2 0il fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0i) fired boiler 0.800 3.67 0.0 812,9 2491.6 31151.1  <-- Primary fuel
Micronized coa) refit 2 0. 800 1.50 4592,8 1374.2 1018.4 27147.1 1.147 28,288
Stagging burner refit 2 0,800 1.50 7952.0 1374.2 1018.4 30506.3 1.021 28,288
Modutar FBC refit 2 0.790 1.50 9142.1 1306.5 1031.2 31179.6 0.999 28,646
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal, water slurry 2 0.750 3.00 4651.0 1195.9 2172.5 36404.7 0.856 30,173
Coal/oil slurry 2 0.780 3.50 3826.8 1067.6 2437.1 36865. 5 0.845 13,056
Low Btu gasifier refit 2 0.679 1,75 7463.2 1551.6  1400.6 35293.4 0.883 32,014
Packaged shell stoker 2 0.760 1.75 6353.9 1283.9 1250.6 30246.0 1.030 28,585
Packaged shel) FBC 2 0.760 1.50 8097.0 1307.6 1071.9 30528.9 1.020 29,1776
Field erected stoker 1 0. 800 1.75 9563.5 1165.4 1188.1 31749.5 0.981 27,156
Field erected FBC 1 0.800 1.50 10579.0 1278.4 1018.4 32230.5 0.967 28,288
Pulverized coal boiler 1 0.820 1.50 11168.1 1306.3 993.5 32847.8 0.948 27,598
Circulating FBC 1 0.810 1.50 12926.3 1290.4 1005.8 34572.5 0.901 27,938
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WHITEMAN AFB: SAC

1. BACKGROUND

Whiteman AFB is located near Knob Noster, Missouri. The central
heating Planr (Bldg. 140) consists of three water-tube boilers designed
for residual oil firing. Currently, the primary fuel is natural gas,
and No. 6 o1l is the backup fuel. The year-round average fuel use was

25 MBtu/h in FY 1978 and 35 MBtu/h in FY 1979.

2. HEATING PLANT UNITS

Heating Plant No. 140

3 x 35.2 MBtu/h; Keeler (1953)

3. IDEAL CAPACITY FACTOR ANALYSIS

No data were available.

4. ENERGY PRICES

FY 1986 Price Data

Electricity = $14.0/MBtu = 4.8¢/kWh
Distillate oil = $5.91/MBtu
Natural gas = $3.00/MBtu

C. . Guernsey & Co. Survey

No data were available.

5. OTHER CONSIDERATIONS

The survey by C. H. Guernsey & Co. states that this base is very

compact, and little room would be available for coal equipment.

6. COAL CONVERSION PROJECT OUTLOOK

The capacity and fuel use of this heating plant indicates that it
is rather small for coal consideration. If a coal project involved
replacement or refit of one 35.2-MBtu/h unit, a rough value for the

overall capacity factor would be 60%.
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1 x 35.2 MBtyu/h, without SOZ contro!

Total steam/hot water output 35.2 MBtu/n
Boiler capacity factor = 0.600
Nuguer i wnits far refit - 1
Hydrated lime price($/ton) = 0.0V COAL PROPERTIES
Ash Jdisposal price ($/ton) - 10.00 H.U.M,  Stoker
Electric price (cents/kwh) : 4,30 Ash fraction - 0. 100  0.090
Labor rate (k$/year) - 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/lb) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 3.00 R.0.M. coal ($/MBtu) - 1.5C
#2 031 price ($/MBtu) - 0.00 Stoker coal ($/MBty) = 1.75
#6 0il price ($/MBtu) = 0.00 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier = 0.0
Tube bank mod multiplier = 1.0 Primary fuel is 3
Bottom ash pit multiplier = 1,0 NATURAL GAS
SO_ contro! aultiplier = 0.0 1:#6 0il, 2:-#2 Qil, 3:NG
L IMESTONE /L IME
[nert fraction = .05
ECONOMIC PARAMETERS
Project life (year) = 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
fuel to Capital Life
# stean/ Fuel Invest- Annyal costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler 0.800 0.00 0.0 0.0 0.0 0.0 0.033 14,955
Natural gas boiler -- 0.800 3.00 0.0 543.6 693.8 11664.8 <-- Primary fuel
#2 011 fired boiler -- 0.800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 0.00 0.0 0.0 0.0 0.0
Micronized coal refit 1 0. 800 1.50 2064.7 863.4 346.9 13473.6 0.866 9,636
Slagging burner refit 1 0.800 1.50 3546.9 863.4 346.9  14955.8 0.780 9,636
Modular fBC refit 1 0.790 1.50 4072.4 838.3 351.3 15286.2 0.763 9,758
Stoker firing refit Not applicable because existing boiler was designed for #6 oil
Coal/water slurry 1 0.750 3.00 2068. 7 768.0 740.0 16284.4 0.716 10,278
Coal/oil siurry L 0.780 3.50 1694.8 685, 2 830.2 15980.3 0.730 4,447
Low Btu gasifier refit 1 0.679 1.75 3295.3 888.9 477.1  16172.4 0,721 10,905
Packaged shell stoker 1 0.760 1.75 2851.1 832.2 426.0 14711.7 0.793 9,737
Packaged shell FBC 1 0.760 1.50 3542.9 838.6 365.2 14891.1 0.783 10,143
Field erected stoker 1 0.800 1.75 5053.2 825.4 404.7 16649.5 0.701 9,251
field erected FBC 1 0.800 1.50 55265. 4 886. 1 346.9 17148.5 0. 680 9,636
Pulverized coal boiler 1 0,820 1.50 5869.0 917.9 338.4 17712.0 0.659 9,401
Crreculating FBC 1 0.810 1.50 6473.1 860.6 342.6 18004.3 0. 648 9,517
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WURTSMITH AFB: SAC

1. BACKGROUND

Wurtsmith AFB 1s located near Oscoda, Michigan. This base has
one major heating plant (Bldg. 305) containing four water-tube boilers
that originally fired bituminous stoker coal. Hot water 1is produced
at ~400°F and 250 psig. The peak demand is ~90 MBtu/h, and average load
is ~37 MBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 305

2 x 25 MBru/h; Combustion Engineering (1957)
31.2 MBtu/h; Erie City Iron Works (1959)
31.0 MBtu/h; International Boiler Works (1961)

3. 1IDEAL CAPACITY FACTOR ANALYSIS

Plant No. 305

FY 1978 FY 1979 FY 1984 FY 1985
Fuel Ideal Ideal Ideal Ideal
input capacity capacity capacity capacity
(MBtu/h) factor factor factor factor
20 0.95 0.95 0.92 0.93
30 0.85 0.85 0.84 0.84
40 0.77 0.77 0.76 0.76
50 0.69 0.69 0.70 0.69
60 0.61 0.62 0.62 0.63
70 0.52 0.54 0.54 0.55
80 0.46 0.48 0.417 0.48

4. ENERGY PRICES

FY 1986 Price Data

Electricity = $16.6/MBtu = 5.67¢/kWh
Residual oil = $4.67/MBtu
Distillate oil = §5.91/MBtu

Natural gas = $5.59/MBtu

.
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C. H. Guernsey & Co. Survey

Electricity = 5.26¢/kWh
Residual oil = $4.67/MBtu
Distillate oil = $5.91/MBtu

Residual oil (No. 6) is the primary fuel, and it is unclear whether
distillate is the backup fuel or if there is no secondary fuel. Natural

gas 1s not used for boiler firing.

5. COAL CONVERSION PROJECT OUTLOOK

Load considerations point to a project that would replace or con-
vert one or two of the existing boilers. A conversion project involving
31 MBtu/h of output capacity (~39 MBtu/h input fuel) would have a
projected maximum capacity factor of ~78%. Assuming 90% equipment
availability, an overall capacity factor of ~68% would be realized. If
the two larger boilers were converted (62 MBtu/h output capacity), the

overall capacity would be about 45%.
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wurtsaith AF8: | x 31 MBtu/h, without SO2 control

Total steam/hot water output : 31,0 MBtu/h
Boiler capacity factor = 0.680
Number of units for refit : 1
Hydrated lime price($/ton} = 30,00 COAL PROPERTIES
Ash dispcsal price ($/ton) - 10.00 R.0.M. Stoker
Electric price (cents/kwh) = 5. 26 Ash fraction = 0.100 0.290
Labor rate (k%/year) - 35.00 Sulfur fraction = 0.025 0.022
Limestone price ($/ton) = 20.00 HHV (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price (3/MBtu) = 0.00 R.0.M. coal ($/MBtu) = 1.50
#2 011 price ($/MBtu) = (.00 Stoker coal ($/MBtu) = 1.75
#6 0i1 price ($/MBtu) = 3.67 Coal/HZO mix ($/MBtu) = 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier : (.0
Tube bank mod multiplier = 0.0 Primary fuel is 1
Bottom ash pit multiplier = 1.0 #6 FUEL OIL
502 control aultiplier = 0.0 1=#6 0il, 2=#2 0il, 3:NG
LIMESTONE /L IME
Inert fraction = 0.05
ECONOMIC PARAMETERS
Project life (year) < 30
Discount rate (%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Capital Life
[} steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment oM Fuel cost /cost use
Technology units EFF $/MBtu k$ k$ k$ k$ ratio ton/year
Natural gas boiler - 0. 800 0.00 0.0 0.0 0.0 0.0
#2 0i) fired boiler 0. 800 0.00 0.0 0.0 0.0 0.0
#6 0il fired boiler - 0.800 3.67 0.0 525.6 847.1 12940.7 <-- Primary fuel
Micronized coal refit 1 0.800 1.50 1933.1 840.8 346.2 13123.6 0.986 9,618
Slagging burner refit 1 0. 800 1.50 3310.7 840.8 346.2 14501.1 0.892 9,618
Modular FBC refit i 0.790 1.50 3799.3 815.3 350.6 14790.3 0.875 9,739
Stoker firing refit 1 0.760 1.7% 2300.0 808.7 425.2  13932.0 0.929 9,719
Coal/water slurry 1 0.750 3.00 1714.8 746.0 738.6 15710.3 0.824 10,259
Coal/oil slurry 1 0.780 3.50 1509. 4 666. 3 828.6 15602.1 0.829 4,439
Low Btu gasifier refit 1 0.679 1.75 3064.7 868.5 476,2  15741.3 0.822 10,885
Packaged shell stoker 1 0.760 1.75 2667.2 808.7 425.2 14299.2 0.905 9,719
Packaged shel! FBC 1 0.760 1.50 3284.6 815.7 364.5 14409.7 0.898 10,124
Field erected stoker 1 0.800 1.75 4682.3 801.9 403.9  16050.0 0.806 9,233
Field erected FBC 1 0.800 1.50 5112.3 861.0 346.2 16492.4 0.785 9,618
Pulverized coal boiler 1 0.820 1.50 5433.8 891.8 337.8 17024.6 0.760 9,383
Circulating FBC 1 0.810 1.50 5959.6 858. 4 342.0 17275.1 0.749 9,499




Table A 4U.

124

wurtsmith AFB: 1 x 25 MBru/n, without SO? control

Total Lleam bol waler ovutput J5.0 MBtugsh
Borler Capacity factor 0. '4Q ‘
Number ot untls tor retat 1
Hedrated time price:;$ /ton) - 300 CUAL PRUPERTIES
Ash grsposal price ($/ton) - 1000 R.0.M. Stoker
Electere price (cent</hwh) 5. 26 Ash fraction 0.100 0.090
cabor rate (k$/year) 35,00 Sulfur fraction - 0,025 0.0¢2
Limestone price ($/ton) - 20.00 HHY (Btu/1b) = 12000 12500
FUEL PRICES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal {$/MBtu) - 1.50
#2 0il price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1.75
#6 011 price ($/MBtu) = 3.67 CoaI/HZO mix ($/MBtu) - 3.00
OPTIONS Coal/oil mix ($/MBtu) - 3.50
Soot blower multiplier - 0.0
Tube bank mod multiplier - 0.0 Primary fuel 15 1
Bottom ash pit multaplier - 1.0 #6 FUEL OIL
S0, control multiplier - 0.0 L-#6 vt c-#2 011, 3-NG
L IMESTONE /1 IME
Inert fraction - U.05
E_UNDMLL PARAME TERS
Project 11fe (year) 30
biscount rate (%/year) = 10
Uniform pres worth factor = 9,427
Fuel to Cdpitatl Life .
# steam/ Fuel Invest- Annual costs cycle Benefit Coal
of hot water price ment 08M Fuel cost /cost use
_ o Technology —  umits EFF $/M3tu k$ k$ k$ k$ ratio ton/year
Natural gas borler 0.800 0.00 0.0 0.0 0.0 0.0
#2 01} tired borler 0.800 0.00 0.0 0.0 0.0 0.0
#b 01) frired borler 0. 800 3.67 0.0 491.3 743.5 11639.8 < Primary fuel
Microntized coal refit ] 0. 860 1.50 17311 791.8 303.9 12059.7 0.965 8,441
S1agging burner refit ! C. 800 1.50 2948.5 791.8 303.9 13277.1 0.877 8,441
Modular FBL refit 1 C.790 1.50 3380.3 768. 3 307.7 13523.3 0.861 8.547
Stoker firing refit 1 0.760 1.75 2062.9 762.5 373.2 12768. 4 0.912 8,529
Coal/water slurry 1 0.750 3.00 1526.9 702.0 648, 2 14255.6 0.817 9,003
Codal/oil slurry 1 0.780 3.50 1339, 4 628.0 721.2 14114.6 0.825 3,896
low Btu gasifier refit 1 0.679 1.7% 2712.8 811.1 417.9 14298.3 0.814 9,553
Packaged shell stoker 1 0.760 1.7% 2384.8 162.5 373.2 13090. 3 0.889 8,529
Packaged shell FBC 1 0.760 1.50 2892.2 768.6 319.9 13152.9 0.885 8,885
Field erected stoker i 0. 800 1.7% 4118.3 756.6 354.9 14592.7 0.798 8,103
Freld erected FBC 1 0.800 1.50 4485, 1 810.5 303.9 14990. 3 0.776 8,441
Pulverized coal botler t 0.820 1.50 a772.2 840.6 296.5 15490. 7 0.751 8,235
Lircylating FBC } 0.310 1.50 5185.4 808.8 300.1 15639. 4 0.744 8,336
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2 x 25 MBtu/h, without SOZ control

Total steam/hot water cutput - 50.0 MBtu/h
Borler capacity factor - 0.530
Number of units for refit - 2
Hydrated 1im2 praice($/ton) - 10.30 COAL PROPERTIES
Auh Jisposal price ($/ton) - 10.00 R.O0.M.  Stoker
Electric price {cents’kwh) 5. ¢b Ash fraction = 0.100 0.090
tabor rate (k$/year) - 35.00 Sulfur fraction - 0.025 0.02¢
Limestone price {$/ton) - 20.00 HHV (Btu/1b) - 12000 12500
fFUEL PRIZES FUEL PRICES
Natural gas price ($/MBtu) = 0.00 R.0.M. coal ($/MBtu) - 1.50
#2 01} price ($/MBtu) = 0.00 Stoker coal ($/MBtu) = 1,75
#6 0i1 price ($/MBtu) : 3.67 Coal/H20 mix ($/MBtu) - 3.00
OPTIONS Coal/oil mix ($/MBtu) = 3.50
Soot blower multiplier : 0.0
Tube bank mod multiplier - 0.0 Primary fuel is 1
Bottom ash prt multiplier - 1.0 #6 FUEL OIL
SO) contral multiplier = Q.0 140 001, 2:#2 011, 3:NU
L IMESTONE /1 IME
lnert fractron 0,05
CONOMIC PARAME 1R
Project life {jyear) 30
Diyscount rate (%/year) 10
Uniform pres worth factor : 9.427
Fuel to Capital Life
# steam/ Fuel Invest - _Annual costs cycle Benefit Coal
of hot wdter price nent 17 ] Fuel cost /cost use
Technulogy unrts EFF $/MBtu k$ _x§ k$ k§ _ _ _ratio ton/year
Natural gas boiler 0.800 0.00 0.0 0.0 0.0 0.0
#s 011 fired borler 0. 800 0.00 9.0 0.0 0.0 0.0
#b U3) fired borler 0.800 3.67 0.0 612.8 1064.9 158i.9 - Primary fuel _
Micronized coal refat < 0. 800 1.50 3202.5  10%5.7 435.3  17257.4 0.916 12,091
514gging burner refit ¢ 0. 800 1.50 54547 10%5.7 435.3  19509.6 0.811 12,091
Moudular FBL refit ¢ 0.790 1.50 6253.6  1017.06 440.8  20002.0 0.791 12,244
Stoker firing refit P4 0.760 1.7% 3816.3  1009.4 534.5 18370.5 0.861 12,218
Coal/water slurry 2 0.750 3.00 2824.7 929.7 928.6 20342.7 0.777 12,897
Loal/oil sturry 2 0.780 3.50 2478.0 833.4 1041.7 20l154.0 0.785 5,580
Low Btu gasifier refit 2 0.679 1.75 5018.6  1100.3 598.7  21034.5 0.752 13,683
Packdaged shell stoker 1 0.760 1.7% 3434.5 923.3 5§34.5 17177.4 0.921 12,218
Packaged shel} FBC i 0.760 1.50 4376.8 932.1 458.2 17482.4 0.905 12,727
Freld erected stoker 1 0. 800 1.75 6247.5 914.1 507.8 19651.6 0.805 11,607
Field erected FBC ! 0.800 1.50 6858.y 985.8 435.3  20255.3 0.781 12,091
Pulverized coal borler i 0.820 1.50 7271.5 1018.1 424, 20872.5 0.758 11,796
Circulating F8C 1 0.810 1.50 8147.7 979.17 429.9 21435.8 0.738 11,941
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